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INTRODUCTION 

In some situations, such as river margins, the 
species composition of the forest is almost static due 
to topography and other environmental conditions. 
In others it is obviously dynamic. This paper con- 
siders the dynamic aspects of forest composition, 
where all the various geographical parts of the 
forest, no matter how identified, are considered to be 
in a state of flux. 

Acknowledgments are made to Dr. 8S. C. Kendeigh 
who directed this study, to the Research Council of 
Ontario, to Acadia University and to Miss Constance 
Martin for financial support, to the Ontario Depart- 
ment of Lands and Forests for facilities, to Dr. A. G. 
Vestal for his advice, to Mr. A. N. Martin who pre- 
pared many of the illustrations, and to many others 
who made major contributions to this investigation. 


LocaTIon 

Algonquin Provincial Park, Ontario, is crossed by 
the lines of 46 N. Lat. and 78 W. Long; being ap- 
proximately 150 mi. north of Lake Ontario, 56 mi. 
east of Lake Huron’s Georgian Bay, and 8 mi. west 
of the boundary between the provinces of Ontario 
and Quebec. Its north-south boundaries are about 
70 mi. apart and its east-west about 45 mi. 


HIstTory 

According to the first white explorer, Samuel de 
Champlain, Algonquin Park in 1916 was “quite a 
wilderness, being uninhabited except for a few Al- 
gonquin savages who dwell in the country and live by 
the fish they catch in the ponds and lakes with which 
the country is well provided” (Saunders 1947). It 
is probable that the forest was undisturbed during 
this period except for fires caused by lightning. The 
upland forest was composed of pure stands of Pinus 
strobus! and of pines mixed with hardwoods. 
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(“Hardwoods” here includes broad-leaved deciduous 
trees having hard wood, thus excluding pioneer 
species such as Betula papyrifera. In Algonquin 
ark predominant hardwoods are Acer saccharum 
and Betula lutea.) During the 17th and 18th cen- 
turies, Algonquin Park lakes and rivers provided a 
main canoe route from the Ottawa River to Georgian 
Bay. 

During the latter part of the 19th century and the 
early 20th century, both Pinus strobus and P. resinosa 
were extensively logged in the Park. The stumps of 
these giant trees, many of them 4 ft across, are still 
in a good state of preservation, although charred 
wood from fires which followed the lumbering is 
still visible on the stumps. 

Although the hardwood trees were frequently cut 
with the pines and often left to rot on the ground, 
the cutting of hardwood since 1920 has become the 
major lumbering operation. The upland forest is 
(a) 
hardwoods and Tsuga canadensis out of which the 
pine was cut, (b) stands of second growth hardwoods 


now composed of extensive stands of virgin 


on areas that were stripped of all trees, and (¢) seral 
stages on large areas where recent fires or cutting 
have occurred. Cutting of the few remaining small 


stands of virgin Pinus strobus is still going on. 


GEOLOGY 

Algonquin Park lies on the Laurentian Shield of 
Precambrian rock that encircles Hudson Bay, with 
the southern edge of the Shield about 75 mi. to the 
south of the southern Park boundary. The topog- 
raphy is rolling and irregular, with many small, 
deep lakes. 

The Park is situated on a height of land from 
which the water drains to the southeast through the 
Petawawa River basin, to the south through the 
Madawaska basin, to the southwest through the 
Muskoka basin, and to the north through the 
Amable du Fond basin. Relief varies from 500 to 
1600 ft above sea level. 
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Helmsley (1949) points out that “glacial deposits 
are a predominant feature of Algonquin Park topog- 
raphy,” and that glacial debris is distributed over 
the bedrock in thicknesses varying from deep de- 
posits in depressions of the bedrock to no covering at 
all. The soils of the Park are podsols and brown 
podzolies “which tend to be infertile, shallow, and 
droughty ; the main soil area which could be 
separated from the general confusion of typical 
Shield soils is the sand.” Sandy soil oceurs in two 
main areas, one on the northeast side of the Park and 
in the south-center. 


WEATHER 


According to the records of the Dominion Mete- 
orological Service, temperatures in Algonquin Park 
range from a mean daily minimum of about 5°F and 
a mean daily maximum of about 25°F in January, 
to a mean daily minimum of about 55°F and a mean 
daily maximum of about 80°F in July. Total precip- 
itation, including rain and melted snow, is about 3 
in. per month throughout the year. The relative 
humidity varies from 70% at noon to 90% at night 
in winter, and in summer from 50% at noon to 90% 
at night. The mean wind velocity is about 8 mph 
throughout the year, and the prevailing wind is from 
the west. The snow has disappeared from the sur- 
face of the ground by the end of March, but ice on 
the lakes usually does not break up until about a 
month later. 


THE CHANGING ForREST 

Change is taking place at three principal levels: 
individual trees, generations of trees, and species of 
trees. That individuals and generations should be 
initiated, grow, die, and eventually decay is a neces- 
sary implication of their biological existence. That 
species should be replaced by other species implies 
that there exists a condition of specific succession. 
Because any one of the factors that determine the 
order of succession frequently operates concurrently 
over areas that are of the order of square miles (in 
Algonquin Park, at least), the changes taking place 
in most of the small geographical facets of the forest 
are similar at any time, and the result is the emer- 
gence of a general pattern of forest succession. 

At the same time there are many patches of 
forest that give no indication of conforming to a 
seral pattern, and certainly not the pattern of the 
forest surrounding them. These non-conforming 
stands are usually mixtures, in various proportions, 
of few or many tree species. Hills (1952) has 
emphasized the importance of site in the distribution 
of trees, and usually the presence of the various 
constituents of these mixtures can be explained in 
terms of site. Nevertheless, as Curtis & MeIntosh 
(1951) point out, “Tree species occur in a continuous- 
ly shifting series of combinations with a definite 
sequence or pattern.” The fact that there is a general 
pattern of succession, moving from pioneer stages 
to climatic climax, cannot be escaped. Nor does 
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a climax forest represent a replacement of dynamics 
by stability, for, as the palaeoecologists (Deevey 
1939, ete.) have demonstrated, the climate changes 
with the centuries, and with it the climax forests. 

Algonquin Provincial Park lies in the ecotone 
between the Coniferous Forest Biome to the north 
and the Deciduous Forest Biome to the south. The 
plant successions that are recognized here are a 
hydrosere on wet ground and a xerosere on relatively 
dry ground. Associated with a progressive decrease 
of water in the substrate, the hydrosere proceeds 
from a bog community through a low, an intermedi- 
ate, and a high Picea mariana forest, to a P. mariana- 
Thuja occidentalis forest. The xerosere is initiated 
on upland by a disturbance, such as fire or lumbering, 
and proceeds from a forest of Betula papyrifera— 
Populus tremuloides through either Abies balsamea- 
Picea glauca or Pinus strobus, to hardwoods (most- 
ly Acer saccharum), and finally to Tsuga canadensis. 
Hemlock is considered to be the climatie climax. 
Picea mariana—Thuja may be considered a sub-cli- 
max of the hydrosere and is probably followed by 
a bottomland forest of mixed character, a mixed 
upland forest, hardwoods, and finally hemlock. An- 
other upland sere that apparently occurs in the Park 
only on its eastern side begins with a Pinus bank- 
siana forest and proceeds to P. strobus, hardwoods. 
and finally hemlock. Kittredge (1934) describes a 
succession in Minnesota that begins with Pinus bank- 
siana, and then goes to P. resinosa, P. strobus, and 
hardwoods. The existence of a distinct P. resinosa 
stage in Algonquin Park has not been determined. 

From some vantage point permitting an extensive 
view, the general character of the forest can be 
examined and preliminary theories of forest succes- 
sion can be made. Figures 1 and 2B are diagrammatic 
sketches of the hillsides visible in all directions from 
a vantage point near Kearney Lake in the southeast 
part of the Park. The directions given in the figures 
indicate exposures of the hillsides represented. This 
large area was swept by fire about 30 yrs previously, 
as determined by growth-ring counts of 4 representa- 
tive trees. At an undetermined time previous to the 
fire, the area had been lumbered for Pinus strobus 
and hardwoods. The greatest part of the present 
forest is Populus tremuloides, Betula papyrifera, 
and Acer rubrum. These were the first trees to grow 
after the fire and represent the first tree stage of the 
xerosere. They were about 30 yrs old, had a diameter 
at breast height of 2 to 3 in., and were about 35 ft 
high. Seattered through these pioneer trees are 
Abies balsamea and Picea glauca about 14 yrs old 
and 15 to 20 ft high. 

Patches of Pinus strobus, P. resinosa, and Tsuga 
canadensis occur up to 24 in. d.b.h. (Fig. 1 & 2B). 
Being fire-searred, they were present before the time 
of the fire. Patches of hardwoods represent un- 
burned areas. 

On several hillsides near Tee-pee and Joe Lakes 
in the southwest part of the Park (Fig. 2A & 3) the 
birch and poplar are about 55 ft high and about 40 
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Fig. 1. Vegetation on hillsides near Kearney Lake. 
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Fig. 2A. Vegetation on hillsides near Tee-pee Lake. 
Fig. 2B. Vegetation on hillsides near Kearney Lake. 
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Fig. 3. Vegetation on hillsides near Joe Lake. 


yrs old, thus indicating a fire of about 40 yrs ago. 
The balsam fir and spruce are nearly the same age 
as the birch and poplar, and about 35 ft high. The 
interpretation is that balsam and spruce entered this 
disturbed area either with the faster growing pioneer 
species or shortly after, and may eventually replace 
them. 

In Fig. 2A, lumbering followed by fires has 
occurred in patches, so that the forest is a mosaic 
of types already described. In the right foreground 
is a mixture of Betula—Populus, Abies—Picea, and 
hardwoods. 

Figures 4 and 5 depict hillsides near Smoke Lake, 
in the southwest part of the Park, where white pine, 
but not hardwoods, was lumbered about 55 yrs 
previously. Just before lumbering, the forest here 
was mixed pine, hardwoods, and hemlock. When 
the pine was removed the forest became entirely hard- 
woods and hemlock. The distribution of hardwoods 
is extensive, with trees over 250 yrs of age. Scat- 
tered sparsely through the hardwoods and towering 
above the canopy are trees of Picea glauca 55 yrs 
old. These probably were initiated in openings where 
large hardwood trees died or blew over or where pine 
was removed; there is virtually no spruce regenera- 
tion around them. Around the lakeshores is a char- 
acteristic belt of balsam and spruce, usually about 
40 ft high. Presumably the site here was too wet 
for immediate occupation by hardwoods, although 
many similar belts elsewhere are now at least partly 
oceupied by hardwoods. 





Hemlock is distributed throughout the hardwoods 
singly or in groves, and it is in this situation that 
the last stage in the replacement sequence occurs. 
Hemlock is slowly spreading through the hardwood 
forest, establishing small pure stands in which maple 
cannot grow, and in most areas is moving toward 
complete domination of the forest to the virtual ex- 
clusion of all other trees except for an understory of 
Thuja occidentalis. 

Figures 1-5 do not suggest that there is any selec- 
tion by the important tree species of one exposure 
from another, or of ridges from slopes, or of upper 
slopes from lower slopes, with the single exception 
that Abies, Picea glauca, and P. mariana tend to per- 
sist around lakeshores and streamsides whereas they 
are replaced by hardwoods elsewhere. Hutchinson 
(1918) states that in Algonquin Park, Acer sac- 
charum grows on the more exposed ridges, and 
is commonly remarked verbally that one species or 
another in Algonquin Park shows a preference for 
ridges or for north slopes. However, diligent search 
produced no consistent evidence to that effect. The 
concentration of Pines on ridges (Fig. 1) is attribu- 
table to their being deliberately left by lumbermen. 

While Figs. 1-5 indicate some of the overall pat- 
terns of forest dynamics in the Park, it must be 
remembered that on any one acre such a mixture of 
species may be found as to obscure the general pat- 
tern. 

This conception of the general character of the 
forest has been presented as background for detailed 
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Fig. 4. Vegetation on hillsides near Smoke Lake. 
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Fig. 5. Vegetation on hillsides near Smoke Lake. 


analyses of selected plots which will indicate the 
composition of presumably typical samples of the 
various successional stages. 


METHODS 
Plots of about 25 acres each were laid out, usually 
two in each of the principal stages of forest succes- 
sion, and as far as possible in situations where the 


surrounding vegetation was similar to that of the 


plots. Most plots were square, but some were strips 
200 ft wide. Surveying was done with a forester’s 
compass and a steel tape. Yellow baggage tags 


nailed to trees served as markers. Each plot was 
surveyed into squares 100 ft on the side, and markers 


were placed at the corners of squares. Two plots 
were laid out in Chamaedaphne bog. Forest plots 
one of P. 


included one of Picea mariana, mariana— 








Thuja, two of Betula—Populus, one of Betula— 
Populus mixed with Abies—Picea, one of Abies— 
Picea, one of second growth Pinus strobus, two of 
virgin P. strobus, one of Abies—Picea mixed with 
hardwoods, two of hardwoods, two of Tsuga, one 


partly of bottomland (Abies—Betula lutea) and part- 
ly of mixed upland, and one partly of Betula—Popu- 
lus forest and partly of bog. 

The vegetation in each square plot was sampled 
by 3 transects 20 ft wide and about 1100 ft long, 
spaced 400 ft apart. In the strip plots which were 
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200 ft wide, a single transect 20 ft wide, was used 
along the middle line. Although the positions of the 
transects varied with the irregular shapes of certain 
plots, the area sampled was always about 5% of 
the total area of the plot. (The plots were 25 A in 
size so that their breeding bird populations could be 
sampled. Each plot was chosen so that its floristic 
composition was relatively uniform throughout, and 
a sample of 5% of its area was presumed adequate to 
describe the vegetation.) 

Trees, whether living or dead, inside the transects 
and having a d.b.h of 2 in. or more were identified 
and their d.b.h. measured to the nearest inch with 
a diameter tape. Stumps and logs were treated in 
the same way, the diameter of a stump being taken 
across its top surface. Duplication of stumps by 
logs was avoided. Young trees (this expression here 
means trees of less than 2 in. d.b.h.) were identified 
and counted. The most abundant shrubs and herbs 
were noted as present or absent in each linear 100 ft 
(2000 sq. ft) of transect, and from this record their 
frequency (percent of 2000-sq ft samples in which 
present) was computed. 

For each plot, measurements of a few representa- 
tive trees were made. These included d.b.h., height 
(taken with an isosceles triangle and steel tape), 
depth of crown or crown-length (thus giving a 
measure of depth of canopy), and the number of 
growth rings as determined by cutting and by use of 
an increment borer. Photographs, notes on ground 
litter and collections of flowering plants were made 
for most of the plots. 


RESULTS AND ANALYSIS 
Prot B 1 (Wet Boe) 

This 11 acre plot, on the east side of Sunday 
Creek immediately north of Highway 60, consisted of 
a belt roughly 300 ft wide of partially inundated 
low shrub vegetation bounded on one side by a river 
and on the opposite side by Picea mariana forest. 
Actually the tree-line crossed the boundary of the 
plot. The trees on the forest side of the tree-line 
were virtually all stunted P. mariana, with an average 
d.b.h of 3 in. and not exceeding 5 in. The trees were 
stunted closer to the river although all were 


more 
about 30 yrs old. This suggests that while P. 
mariana is a tree characteristic of wet locations 


(Hills 1952) its prosperity may not necessarily de- 
pend on the presence of water. It may be that lack 
of competition in wet sites enables it to dominate 
wet areas. Between the tree-line and the river, how- 
ever, the ground was so wet that water lay in pools 
and puddles between hillocks of mosses and low 
shrubs, as described by Ruttner (1953) for bogs in 
Europe, and in this area the trees were very stunted 
and scattered. Their densities per acre, as computed 
from samples totalling 0.413 acres, were as follows: 


Picea mariana 26 
Pinus strobus 8 


TOTAL 34 
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All these trees were under 2 in. d.b.h. It is note- 
worthy that stunted Pinus strobus occurred in this 
habitat, although many were dying. Hills (1952) 
grants to this species a wide range of moisture tolera- 
tion. 

The “ground” (a floating mat of vegetation) was 
covered with Sphagnum, with a low shrub stratum of 
Chamaedaphne calyculata and Myrica gale. Gates 
(1942) described a separate associes of Mvyriea for 
Michigan bogs, but this could not be recognized in 
Algonquin Park. Ledum groenlandicum and Kalmia 
angustifolia were low bog shrubs usually associated 
with Chamaedaphne but of lower frequence. Chio- 
genes hispidula lay prostrate on the Sphagnum and 
between the shrub stems. 

Less abundant shrubs and herbs not found in the 
transects included Kalmia polifolia in drier loca- 
tions, Jris sp. and Caltha palustris in wetter locations 
where the Sphagnum was submersed, and Hypericum 
sp. (not widespread). Spiraea latifolia was abun- 
dant and extensive in very wet areas where it grew 
to a height of 5 ft. In drier places it was less 
abundant only about 3 ft tall. 

Seattered over the bog were weathered stumps 
and logs of less than 7 in. diameter. The densities/A 
of those 2 in. in diameter and over, were as follows: 


Picea mariana 36 
Betula papyrifera 2 
TOTAL 38 


They suggest that P. mariana previously grew closer 
to the river than it does now. Its retreat may have 
been caused by the inundation of the substrate as a 
result of the erection by beavers of dams across the 
river. If this is true, it means that the normal sue- 
cession of bog by P. mariana forest, which is associ- 
ated with loss of ground-water, may be reversed by 
an increase of ground-water. 


Prior B 2 (Dry Boe) 

Plot B 2 of 18 acres was located about 500 ft 
downstream from Plot B 1 and was generally similar 
to Plot B 1 except that it was drier. The hillocks of 
Chamaedaphne and other plants were not separated 
by standing water but by the mat of Sphagnum. 
The substrate was still wet, however, and thigh-boots 
were necessary to walk dry-shod through the plot. 

While much of the bordering forest was P. 
mariana, there were areas where Betula papyrifera 
was prominent. The forest inside the plot and on 
the forest side of the tree-line included chiefly birch 
and spruce. As in Plot B 1, seattered trees were 
more stunted closer to the river even though their age 
was often as great as taller trees in drier habitats. 

Densities/A of trees under 2:in. d.b.h. in the open 
bog, based on samples totaling 0.748 A, were as 
follows: 


Picea mariana 47 
Pinus strobus 15 
TOTAL 62 
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The most abundant herbs and shrubs were Sphagnum 
sp., Chamaedaphne calyculata, Myrica gale, Ledum 
groenlandicum, Kalmia angustifolia, Kalmia polifolia, 
and Alnus sp. Densities per acre of stumps and logs 
on the river side of the tree-line were as follows: 

d.bh. 2.0-6.4 in. dba. 6.5-12.4 in. Total 
Picea mariana 123 14 137 
Although there was less inundation in Plot B 2 than 
in Plot B 1, the vegetation was similar (Fig. 6). 
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Fig. 6. Typical hillock in bog. 


Piot S 2 (Picea mariana Forest) 

This plot (Fig. 7) was located on the south side 
of the Oxtongue River 1 m. west of the Park’s west 
boundary. It was a flat area of 26 acres, and ap- 
peared to have been a bog where, through the ac- 
cumulation of organic material or other causes, the 
ground had become less wet to the extent that trees 
could grow there. The trees in the middle of the 
plot were much smaller than those toward the periph- 
ery. It was divided into 3 sub-plots on the basis 
of certain plant indicators. 


Sus-pLot 1 (Low Picea mariana Forest) 

This was an 18 acre area of stunted trees growing 
more or less in clumps of 5 to 10 with bog vegetation 
between the clumps. There was no standing water, 
but the ground was spongy and wet. 

Most of the trees (760/A) were small P. mariana 
(aver. d.b.h. 3 in.). There were a few trees (9/A) 
of Larix laricina, and an oceasional small tree of 
Pinus strobus. There was a high proportion of dead 
spruce trees (325/A) possibly because they occurred 
in such dense clumps that many were eliminated by 
competition, and dead trees of P. mariana disinte- 
grate slowly in boggy situations. Gates (1942) re- 
marks that in Michigan these trees are usually killed 
by the parasitic dwarf mistletoe, Arceuthobium 
pusillum, before they are 55 yrs old. This parasite 
was not noticed in Algonquin Park, and certainly 
the trees live to a greater age than 55 yrs (Table 1). 
One tree with a d.b.h. of 2 in. in the low forest was 
about 85 yrs old. 
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Fig. 7. Plot S 2. Grid lines are 100 ft apart. En- 


circled numbers identify trees in Table 1. 


The most conspicuous species of herbs and shrubs 
and all species of young trees (under 2 in. d.b.h.) 
were recorded in two parallel transects across the 
plot (Table 2). Each transect was 1600 ft long and 
20 ft wide and was divided into intervals of 100 
linear ft, or 2000 sq ft (Fig. 7). Species present 
in each interval were recorded. The 100-ft intervals 
in Table 2 correspond with those in Fig. 7. The 
change in the vegetation from the periphery of the 
plot to the middle was evident in both transects 
(Table 2), and this corresponded with the progres- 
sive decrease in size of the trees from periphery to 
middle (Table 1). From middle to outside, the 
plant species showed decreasing affinity to bog vege- 
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TABLE 
of selected representative trees. 
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1. Plot S 2 (Picea mariana): Measurements 





| | Growth rings 
|d.b.h.| Height | 1 ft. above 


(in low forest) 


Species 
(in.) | (ft.) | ground 
Tree 1 Picea mariana | 2 | 87 85 
(in high forest) 
Tree 2 P. mariana. . 190) 4 FA 72 
(in high forest) 
Tree 3 P. mariana eee | 5 49 153 
(in intermediate forest) | 
Tree 5 P. mariana : | 5 | 45 67 
(in intermediate forest) | | 
Tree 4 P. mariana : | 2 | iy «7 85 
cee 


Crown: Most trees bave branches to ground. 


tation and increasing affinity to vegetation of drier 
Based on these species differences, three kinds 
recognized: low, intermediate, 


sites. 
of forest have 
and high. 

The low forest was distinguished from the rest 
of the plot by absence of Cornus canadensis. The 
trees under 2 in. d.b.h. were mostly spruce, with some 
tamarack and a few scattered pines. As in the bog, 
the ground was covered with Sphagnum, and there 
was a low shrub stratum of Chamaedaphne caly- 
culata, Ledum groenlandicum, Kalmia angustifolia 
and K. polifolia. Unlike the bog, there was no 
Myrica gale here, perhaps because the substratum 
was drier. On the other hand, Ledum groenlandicum 
appeared to be more widely distributed here than in 
the bog where it grew well only away from the river. 
Along with Ledum, Saracenia purpurea apparently 
finds its optimum habitat in low P. mariana forest. 
The ground surface was in hillocks, but these were 
flattened and inconspicuous. 

Stumps and logs in the low forest had a density 
of 18/A. They were all P. mariana of about the 
same diameter as the living trees, suggesting that 
the maximum size of the trees on this area may have 
remained the same for a considerable time. 


been 


Sus-pLtot 2 (Intermediate Picea mariana Forest) 
The low P. mariana forest was considered to be- 
intermediate with the appearance of Cornus 
canadensis. The ground was drier than in Sub- 
plot 1, and the trees larger. The diameter of an 
average tree of all species was 5 in. in Sub-plot 2, 
as against 3 in. in Sub-plot 1. There were also more 
trees (1006/A as against 769 in Sub-plot 1), and 
the total basal area was 4 times as great (128 sq 
ft/A). Two additional species were present, Thuja 
occidentalis which is important at a presumably later 
successional stage, and Abies balsamea which probably 
entered from the high ground surrounding the plot. 
Again in this stand the size of a tree was not a 
good criterion of its age (Table 1). One tree 5 in. 
d.b.h. was about 67 and another of the same diameter 
about 153 yrs old. 


come 
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TABLE 2. Plot S 2 (Picea mariana): Trees under 

1.5 in. d.b.h., shrubs, and herbs present (x) in two tran- 
sects across plot. 





Species 100 ft intervals across plot 
EFGHIJK 


ABCD I LMNO P 


High In- 

forest ter- 
medi- 
ate 


Inter- 
mediate 


Low forest 


South transect 
Acer saccharum. 
Tsuga canadensis 
Acer pensylvanicum 
Thuja occidentalis 
Betula lutea. 

Acer rubrum 
Abies balsamea 
Alnus sp.. 

Coptis trifolia 
Cornus canadensis 
Picea mariana 


ee ee ee ee ee 
* 
* 
“ 
* 
* 


Sphagnum sp. 
Ledum groenlandicum. . . 
Saracenia purpurea. ... 


ee | 

“x MK OK 
» 

a mm 
ee 


oot be be oe 
eo 


Lariz laricina : 
Chamaedaphne calyculata. . 
Kalmia polifolia & 

K. angustifolia. ........ cS. ee 


i | 


ao ee 
| 
| 


“ 
“ 


North transect 
Thuja occidentalis....... 
Acer rubrum... 
Abies balsamea....... x 
Alnus sp......... x 
Coptis trifolia 
Pinus strobus..... x x 
Cornus canadensis... . 


ee 
“ 


“ 


Picea mariana 
Sphagnum sp.. 
Ledum groenlandicum 
Saracenia purpurea... 
Lariz (aricina Jace 
Chamaedaphne calyculata. . 
Kalmia polifolia & K. 
angustifolia.......... ss es Ee as £ x 


ee ee 
Mu me 
ee. | 
woe ee ee 
* 
ot oe oe 
ue 
«MoM mM 
~~ wm 


ee oe 
ee ee | 


bad 
“ 


The intermediate forest had a mixture of the 
plants of high and low forests (Table 2). Many of 
the low-bog shrubs grew here and in addition, Cornus 


canadensis, Coptis trifolia, and seedlings of Acer 
rubrum and Abies balsamea, Alders were present. 
Whereas in the bog, alders grew near the stream, 
their absence in the P. mariana forest may represent 
an aversion to extreme acidity, rather than a cor- 
relation with ground-water level. Ruttner (1953) 
points out that bogs have a strongly acidic reaction, 
and although alders occur in Plots B 1 and B 2, 
their position beside the stream would probably indi- 
cate a much acidic environment than would 
obtain in the middle of a poorly drained mat of 
vegetation. Also, the intermediate P. mariana forest, 
further removed from bog conditions than low P. 
mariana forest, would probably be less acidic. The 
occurrence of alders beside the stream in Plots B 1 
and B 2 may also represent a positive response to 
higher oxygen available there in the substrate. 
Ninety-eight stumps and logs were counted/A, 
Most were P. mariana, 


less 


as against 18 in low forest. 
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with a few of Abies and Thuja. Their size gave 
no indication that any of the species in this location 
ever grew significantly larger than at present. 


Sus-pLor 3 (High Picea mariana Forest) 

This area was separated from Sub-plot 2 by its 
lack of low-bog shrubs. Here the trees were larger 
and the ground drier than in the other sub-plots. 
Humus had built up on top of the tree roots, and if 
this were scuffed away a pool of standing water was 
usually visible beneath the roots. Where trees had 
been blown over, the cavities left by the upturned 
root systems were full of water. 

The diameter of an average tree (all species) was 
7 in., and that of P. mariana, 8 in. There was an 
increase in the number of species with the addition of 
Betula payrifera, Betula lutea, and Acer rubrum, 
Although Thuja grew nearby none was recorded for 
the small area sampled. 

Again the trees in the high forest, although larger, 
were not older than those in the other sub-plots (Table 
1). The tree-crowns over all of Plot S 2 extended to 
the ground, although some trees in the high forest 
had trunks bare to heights of 6 to 10 ft. 

There were no low-bog species in the shrub stra- 
tum of the high forest (Table 2). The shrub stratum 
was composed of Alnus sp. and Viburnum 
noides, although the latter was not plentiful, as well 
as small trees of Acer saccharum, Tsuga canadensis, 
Thuja Betula 
lutea, Acer rubrum, Alnus sp., Abies balsamea and 
Picea The water level and the 
build-up of humus soil on top of the root systems 
must surely have contributed to this greater variety 
trees. So far, the growth of these trees 
in this location had been restricted, none being over 
13 in. d.b.h. Sphagnum covered the ground through- 
out the plot. 

The sizes of trees formerly growing in the sub- 
plot, so far as could be determined from examination 
of stumps and logs, were similar to those of the 
present trees. There was a progressive increase in the 
numbers of stumps and logs from low to high forest 
and a consequent increase in decaying organic matter. 


cassi- 


Acer pensylvanicum, occidentalis, 


mariana. lower 


of small 


Pior § 1 (Picea MARIANA—THUJA Forest) 

This plot had still lower ground-water and a 
deeper humus layer. Here, as in high P. mariana 
forest, water was standing in pools under the tree 
roots, but humus on top of the roots was deeper and 
supported a greater variety of plants. 

Plot S 1 was located on the north side of the 
Oxtongue River where the river is crossed by the 
Camp Lake Road. It was about 1% mi. upstream 
from Plot S 2, and was a square 28 A in size. 

Picea mariana was the primary dominant, with 
52% of the total basal area and 42% of the total 
number of stems 2 in. d.b.h. and over. Its average 
diameter was 6 in. It was probably an all-aged 
stand, although it is not easy in the hydrosere to tell 
by an inspection of a stand table whether the stand is 


ForEST SUCCESSION IN ALGONQUIN PARK 


195 


even-aged (where the diameters are grouped around 
a mode and the diameter distribution is in the general 
form of a binomial curve) or all-aged (where the 
distribution forms a down-trending sigmoid curve) 
due to the very repressed growth rates that vary 
from spot to spot within a single plot. These ab- 
normal growth rates were conspicuous in the plots 
previously described. Thuja occidentalis was second 
in importance with 40% of the total basal area and 
32% of the total number of stems and an average 
d.b.h. of 6 in. Probably spruce and cedar will 
continue to dominate the stand for some time. It is 
notable that the total basal cedar (41 sq 
ft/A) was only about 13 sq ft below that of spruce. 
The increased proportion of cedar in progressively 


area of 


drier ground suggests that this species may even- 
tually become the leading dominant. Gatse (1942) 
claims this to be the case in Michigan, although no 
stands where cedar is a leading dominant have been 
encountered in Algonquin Park. Cedar forms pure 
stands on wet ground in Ontario south of the edge 
of the Laurentian Shield, but it may be that in 
Algonquin Park spruce maintains the lead until the 
area is suited to the invasion of upland species. 

Abies balsamea was present to about the same 
extent as in high P. mariana forest, with a basal area 
of about 7 sq ft/A, and diameters not exceeding 7 in. 
Probably balsam did not reach a large size because 
the ground was too wet in these plots. 

Minor constituents were Larix laricina, which is 
usually associated with lower and wetter ground, and 
Betula papyrifera, Acer rubrum, and Prunus sero- 
tina, which are primarily upland species. 

Spruce in the plot was about 110 yrs old, 60 to 
70 ft high, with an understory of cedar about 45 ft 
high. The average crown-length of the trees was about 
30 to 50 ft. One cedar had 163 growth-rings around 
a rotten center, an age considerably exceeding that 
of the oldest spruce examined (131 yr), suggesting 
that cedar may have greater longevity. This could 
assist it in eventually becoming the leading dominant 
of the stand, provided its increasing abundance in- 
hibited the spruce. There was a suggestion of in- 
hibition of this kind in that there about 5 
times as many trees under 2 in. d.b.h. of cedar than 
of spruce, but the relative specific abundance of 
young growth does not necessarily indicate the future 
of the forest. While cedar was the most abundant 
species under 2 in. d.b.h., followed by balsam and 
then spruce, balsam led in the 2- to 3-in. class, and 
spruce in most of the larger classes. These relative 
positions almost certainly mean that although spruce 
had fewest young trees, it had a survival rate that 
was much higher than the other species. The most 
significant factor in determining the importance of 
a species in the canopy is its ability to survive to 
maturity. 

The shrub stratum in which Alnus and Viburnum 
cassinoides were widespread was so dense that it was 
extremely difficult to walk through, especially under 
Ledum groenlandicum also 


were 


openings in the canopy. 
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grew in openings. Although the density of trees 
was greater in Plot S 1 than in Sub-plot 3 of Plot 
S 2, there were more openings in the canopy of Plot 
S 1 and as a result, a better developed shrub stratum. 
Rubus idaeus and Corylus cornuta grew in drier 
places. 

Stumps and logs suggested that P. mariana had 
probably been the leading dominant for some time, 
while Thuja previously may have been less abundant 
than Abies. 


Pitot E 1 (Oxup Forest Borper) 

This plot was on Highway 60, 5 mi. east of the 
West Gate of Algonquin Park. It consisted of 2 
strips along each side of the road, each strip being 
1 mi. long and 100 ft wide. The plot really repre- 
sented forest border, which probably favors the 
growth of shade-intolerant species. It was divided 
floristically into two sub-plots, one in bottomland and 
the other in upland forest. 


Sus-PLot 1 (BorroMLAND Forest) 

If the substrate of the P. mariana—Thuja forest 
were to become drier and if the humus soil were to 
build up, a situation and flora similar to those of this 
sub-plot might develop. 

The bottomland forest sub-plot was 6.9 A in area. 
Abies balsamea, which was important but not domi- 
nant in Plot S 1, was the leading dominant, with 
56% of the total basal area and 70% of the total num- 
ber of stems. The diameter distribution of balsam 
was that of an all-aged stand (down-trending sig- 
moid), but the maximum diameters recorded were in 
only the 8- to 9-in. class. This is 2 in. above the 
maximum in Plot S 1 and could be explained as a 
response to drier conditions. Hills (1952) notes 
that Abies balsamea has a wide range of tolerance 
to variations of moisture but is intolerant of extremes. 

Openings in the P. mariana—Thuja forest sup- 
ported dense growths of alders and other shrubs. In 
the bottomland forest, the canopy was very open, 
and there was an almost continuous thicket of alders. 

Betula lutea and Picea glauca, upland species, 
were significantly represented with 10% and 9% re- 
spectively of the total basal area. Betula was re- 
corded up to the 16- to 17-in. diameter class. The 
diameter of the average tree of Thuja occidentalis 
was 10 in. This was 4 in. larger than recorded for 
Plot S 1, but there were only 8 trees/A as against 
177 in Plot S 1. The distribution of Thuja has not 
yet been explained satisfactorily. Hutchinson (1918) 
stated that it grows in wet places because it has a 
wide range of moisture toleration and a low competi- 
tive ability (presumably with reference to light), 
but in Algonquin Park this species, as well as grow- 
ing in the hydrosere, forms an understory in the 
Tsuga forest, where the shade is greatest of all 
forests. Fernald (1919) replied in strong terms to 
Hutchinson’s paper, stating that Thuja grows in 
“positively calcareous areas.” Yet its occurrence as 
an important constituent of the Tsuga forest casts 


N. D. Martin 
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doubt on this hypothesis, since Daubenmire (1930) 
found the pH of soil in Tsuga stands to be 3.6 to 4.7, 

Picea mariana minor constituent of the 
bottomland forest. Large trees of Abies were about 
5 in. d.b.h. and 26 ft. high, while the scattered 
mature trees of P. mariana probably averged 10 in. 
in diameter and towered to a height of 61 ft. Abies 
was about 38 yrs old and Picea almost 100 yrs. 

Abies balsamea, the leading dominant, had the 
greatest regeneration (78% of all species under 2 in. 
d.b.h.), more than it had in P. mariana—Thuja Plot 
S 1 (646 stems/A as against 560 in Plot S 1). P. 
mariana had the next highest regeneration (11% 
of all species under 2 in. d.b.h.), although it was 
fifth from the highest in basal area of trees 2 in. 
d.b.h. and over, indicating a low survival in this 
location. Its regeneration was 93 stems/A, about half 
of its value (191 stems) for Plot S. 1. 
had 7% of trees under 2 in. d.b.h., and Acer rubrum 
4%. 

There was a_ well-developed shrub stratum of 
Alnus and Corylus cornuta, with some Salix. 

Abies balsamea, the leading dominant, had 38 
stumps and logs/A, all under 12 in. d.b.h. There 
were almost as many Pinus strobus stumps (6-24 in, 
diam.) left when the pine was lumbered from the 
area about 50 yrs previously. The density of these 
stumps was 37/A, and this corresponded roughly 
with living pine in Plot P 3, which will be discussed 
later. Plot P 3 was in a stand of virgin pine with 
an understory of Betula lutea, Tsuga canadensis, and 
A density of mature Pinus strobus 


was a 


Picea glauca 


Picea glauca. 
of over 30 trees/A would almost certainly indicate 
that this species is the leading dominant. Therefore 
this bottomland forest area was probably a_ pine 
forest prior to lumbering about 50 yrs ago. After 
its removal, no other species was successful enough 
on this site to form a closed canopy, possibly due to 
the ground-water level, which was too low for Picea 
mariana—Thuja and too high for an upland forest. 
The removal of the pines might allow more water to 
accumulate on the ground, until the new tree cover 
became established. 

Insofar as the bottomland forest includes trees 
of both hydrosere and xerosere, it may be considered 
a floristic transition between the two. If it included 
a larger proportion of upland trees, both species 
and individuals, it might resemble a mixed upland 
forest. 

Sus-pLot 2 (Mrxep UPLAND Forest) 

This sub-plot of 17.5 acres was basically hard- 
woods (Acer saccharum and Betula lutea) with 
several other species also present, notably Tsuga 
canadensis, Thuja occidentalis, Abies balsamea, and 
Picea glauca. Other species of minor importance 
included Fagus grandifolia, Salix sp., Betula papyri- 
fera, and Prunus serotina. 

Acer saccharum was the leading dominant, with 
39% of the total basal area and 38% of the total 
number of stems. It was all-aged. The largest 
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recorded diameter in the sample was in the 16- to 
17-in. class, which suggests this was not a virgin 
forest. One tree of 19 in. d.b.h. was about 70 yrs 
old. Since lumbermen were active in this area from 
about 1890 to 1900 (Saunders 1947), cutting both 
pine and maple, it is probable that the largest maples 
now present represent advance-growth trees that were 
present while lumbering was in progress but were 
then too small to eut. 

Since Betula lutea was not usually cut, the large 
trees were undoubtedly virgin. It is characteristical- 
ly a secondary dominant of the hardwood forest, 
with a few trees in each diameter class up to a rela- 
tively large size (about 3 ft. d.b.h.). 

The variety of species in this stand is typical 
of Algonquin Park upland forest. The dominance 
of Acer saccharum and Betula lutea gives the stand 
an overall character of hardwoods and thus indicates 
its position in the pattern. 
However, it is a mixture of many species dependent 
for their site. 
Picea mariana and Thuja occidentalis find their most 
extensive development in the Betula 
papyrifera, Acer rubrum, and probably Prunus sero- 


general successional 


presence on local factors such as 


hydrosere. 


tina are primarily pioneer species in the xerosere. 
Abies balsamea and Picea glauca constitute a stage 
of their own, following the pioneer forest and persist- 
ing around lake margins. Fagus grandifolia is a 
normal constituent of the hardwood forest. Tsuga 
canadensis oceurs in pure stands as the climax forest. 
Salix and nigra grow in wet locations 
where there is abundant light. The presence of all 
these species in this sub-plot demonstrates that most 
trees are not restricted to a particular position in 
of forest communities. On the other 
hand, distinct forest communities do exist, both as 
pure stands and as mixtures. They are distinguished 
by the leading dominant species which give to each 
community its characteristics, and they occur in a 
definite pattern of succession which may be moulded 
to a large degree by competition, by species peculiari- 
ties, and by site. 

Trees of the canopy had a d.b.h. of about 17 in. 
and were about 70 to 80 yrs old. The top of the 
ranopy was about 80 ft above the ground, and its 
average crown-length was about 50 ft. 

Regeneration was mostly Acer saccharum, form- 
ing a well-developed shrub stratum that extended up- 
wards to the base of the canopy. There was some 
regeneration of Abies balsamea, Acer rubrum, Prunus 
serotina, and Picea glauca, although probably most 
of the young trees grew on the roadsides. The same 
may be true of the shrubs Alnus, Corylus cornuta, 
and Salix, although Corylus cornuta grew extensively 
throughout the forest. 

Stumps and logs indicated a density of Pinus 
strobus before cutting of about 17 trees per acre, 
with a good representation of Acer saccharum, Abies 
balsamea, and Betula lutea. The stand probably 
had been mixed pine—hardwoods, with the pine 
standing out above the hardwood story. 


Fraxinus 


a succession 
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Pitot E 2 (YounGe Forest Borper) 
This plot was laid out in a similar way to Plot 
E 1. It was on Highway 60, 45 mi. inside the West 
Gate of the Park, and had a northwestern exposure. 
It consisted of two strips 1 mi long and 100 ft wide, 
one on each side of the highway. The area 
lumbered for pine about 50 yrs ago, and burned as 
recently as 30 yrs ago. The forest now is mostly 
Betula papyrifera and Populus tremuloides. 
Plot E 2 was divided into two sub-plots, the first 
on dry and the second on wet ground. 


was 


Sus-pLot 1 (BetuLa—Poputus Forest) 

This sub-plot, located on dry ground, was 6.92 A 
in area. The forest was pioneer after fire. Betula 
papyrifera was the primary dominant with 386 stems 
/A and 54% 


tremuloides the secondary dominant with 205 stems/A 


of the total basal area, and Populus 


and 25% of the total basal area. The trees were 
small with an average diameter of 3 in. in both 


species. Prunus serotina (132 stems/A) and Popu- 
lus grandidentata (43 stems/A), both pioneer species, 
were dominants of lesser importance. Salix 


abundant in wet depressions. Seedlings of young 


was 


trees of invading Picea glauca and Abies balsamea 
represented the next stage that may in time succeed 
the pioneer forest. There 
of Pinus strobus. This species can also succeed the 
pioneer forest, although in this part of Algonquin 
Park there was no evidence that it does so to any 
important extent. and Fra.xcinus 
nigra were found sparingly in wet places. A few 
saplings per acre of Acer saccharum and Betula 
lutea represent the forest of hardwoods which may 
follow Picea—Abies two seral stages removed from 
the Betula—Populus pioneer forest. 

With the exception of a few 
mariana the trees were of small size, averaging 3 
in. d.b.h. If all species seeded in or sprouted from 
unburned roots at about the same time, as is prob- 
able, Betula and Populus 
grew the most rapidly, as well as in the greatest 
number. This with Frothingham’s 
(1915b) classification of tree reproduction, which 
rates the seedling growth rate of Populus tremuloides, 
Prunus serotina, Betula papyrifera, and Acer ru- 
brum, all pioneer trees, as “rapid,” his highest cate- 
gory. The low moisture and organie content of the 
soil in the recently burned area may impede the 
growth of the other species. 

Canopy trees were 2 to 4 in. d.b.h., with a top 
height of 30 ft and an average crown-length of about 
15 ft. The oldest trees examined, which followed the 
fire, were about 27 yrs old. 


were a few saplings/A 


Ulmus americana 





trees of Picea 


papyrifera tremuloides 


corresponds 


The pioneer trees—Betula papyrifera, Prunus 
serotina, Populus spp., and Acer rubrum—had the 
largest numbers of young trees (under 2 in. diam.). 
Most of these may not be expected to reach maturity, 
however, for the shade in the forest is always in- 
creasing, and these are shade-intolerant species. 
Acer saccharum was next in abundance of young 
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trees, and probably a good proportion of these would 
reach maturity. Next was Picea glauca. This species, 
along with Abies balsamea and Picea mariana, grows 
more slowly than Populus and Betula, but more 
rapidly than Acer saccharum. <A few seedlings of 
Pinus strobus and Acer pensylvanicum were recorded. 
The latter appears in the pioneer forest and persists 
through the following seral stages into hardwoods. 
Corylus formed a_ widespread shrub 
stratum throughout the forest; Salix and Alnus were 
confined chiefly to wet places, although low bushes of 
Salix occurred in dry situations in Betula—Populus 
forest. Rubus idaeus and Lycopodium complanatum 
var. flabelliforme occurred along the roadside. 
Stumps and logs indicated the area was originally 
dominated by Pinus strobus, Gates (1930) states 
that the pines which eliminate the aspens originate 
There were 


cornuta 


from seeds spread by relic seed trees. 
seattered, fire-scarred pines in the area, but it is 
too early to predict what the future of this species 
will be here. The larger number of young trees of 
Picea glauca (35/A) may mean that Pinus strobus 
(15 young trees/A) will not be an important con- 
stituent of the future forest, and the still larger 
number of young trees of Acer saccharum (197/A) 
points in the same direction. 

Forest tent caterpillars, Malacosoma disstria Hbn., 
sometimes strip the foliage from Populus in areas of 
more than a mile in diameter. When the density of 
caterpillars is high, all green foliage, deciduous and 
coniferous, trees, shrub, and herb, may be eaten. 
Defoliation oceurs in June, and normally the vegeta- 
tion replaces its foliage by the first of August, so 
that trees are not killed and succession is not inter- 
rupted. 

Sus-pLot 2 (Boa) 

This sub-plot of 17.08 acres was composed mostly 
of bog border, sedge meadow border, and some lake 
border. The vegetation was mostly Salix, Alnus, 
and Corylus cornuta. 


Prior PB 2 (Beruta—Popu.us Forest) 

This square plot of 28 acres was located on the 
west side of Tee-pee Lake on the top of a rounded 
hill, so that towards its periphery it included all 
exposures. Fire last swept the area about 35 yrs 
previously, and it was lumbered for Pinus strobus 
about 15 yrs before that. This forest was therefore 
about 5 yrs older than that of Plot E 2. 

Betula papyrifera was the primary dominant 
species with 28% of the total basal area and 172 
stems/A. The average diameter of trees was 5 in. 
as against 3 in. in Plot E 2; the recorded maximum 
was 13 in., as against 9 in. in Plot E 2. Next in 
importance were Populus tremuloides with 21% of 
the total basal area and 123 stems/A, and Acer 
rubrum with 18% and 301 stems. 

Acer saccharum, with 13% and 187 stems, was the 
most plentiful of the non-pioneer species and will 
probably succeed Betula papyrifera without an in- 
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tervening stage of Abies—Picea. The plot in this 
area was selected to.include only a minor representa- 
tion of (1% and 5 stems) and 
Picea glauca (1% and 5 stems). 

Populus grandidentata, with 9% and 56 stems, 
was a normal constituent of the Betula—Populus 
forest. Gates (1930), writing of the aspen associa- 
tion in Michigan, states that Populus grandidentata 
is most abundant in sandy upland, Populus tremu- 
loides in sandy lowland, and Betula papyrifera close 
to lakes. In the Betula—Populus forests of Algon- 
quin Park, these species appeared to be distributed 
indiscriminately. 

Like Acer saccharum, Betula lutea (5% and 8 
stems) was initiated after the last fire and is de- 
veloping successfully, although its growth rate is 
slower than that of (Frothing- 
ham 1915b). 


Abies balsamea 








Betula papyrifera 


Three trees of Pinus strobus were recorded in 
the sample. Their average diameter was 10 in., 


twice that of the average Betula papyrifera; if Pinus 
had reproduced more abundantly, it might have taken 
over the dominance of the forest. 

Ostrya virginiana (2 stems/A) was a representa- 
tive of the hardwood forest. 

The largest trees of all the principal species in 
this plot were about 30 yrs old. Those of Betula 
and Populus had diameters of about 5 in. while those 
of Acer rubrum were about 3 in. and those of Acer 
saccharum about 2 in. d.b.h., probably indicating a 
growth rate differential. This is confirmed by the 
greater heights of the birch and poplar: they were 
about 35 ft high while trees of both species of 
maple were only about 25 ft high. This faster 
growth enables birch and poplar to lead the domi- 
nance of the forest after fire, even though other 
species may be initiated at the same time. 

There were more young trees of Acer rubrum, 
(234/A) and A. saccharum (197/A) than of Betula 
papyrifera (39/A) and Populus tremuloides (15/A). 
As noted above, it is not possible to predict the future 
of a forest from the regeneration pattern without a 
supplementary knowledge of the survival possibilities 
of the various species. In this case, probably few 
young trees of Acer rubrum will reach maturity, so 
that this species will progressively decrease in relative 
importance as measured by basal area. The shade- 
intolerant Betula papyrifera and two species of 
Populus will likewise decrease in importance very 
rapidly, perhaps with very few young trees surviv- 
ing to maturity. Acer saccharum, on the other hand, 
will probably increase in relative importance as it 
develops into a hardwood forest. Abies and the two 
species of Picea had relatively few young trees and 
probably will remain minor constituents of the aging 
forest. There 
were a few young serotina, Acer 
pensylvanicum, and Ostrya virginiana. These species 
may remain as minor constituents in the succeeding 
hardwood forest. 

The shrub stratum of 


The same is true of Pinus strobus. 


trees of Prunus 


Corylus was well-de- 
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veloped and dense. Pteridium aquilinum was abun- 
dant, corresponding with Gates’s (1930) observations 
in Michigan. Gaultheria procumbens and_ thick 
patches of moss and lichen (especially Cladonia 
rangiferina) were typical of the dry, open patches 
between clumps of trees. Gates (1930) states that 
the carpet of moss hinders regeneration by keeping 
seeds from the ground, and by using all the moisture 
in dry seasons. As in Plot E 2, Salix occurred, even 
in very dry situations. 

Judging from stumps and logs the area was 
probably dominated by Pinus strobus previous to 
lumbering. A pine stump just outside the plot 
was 4 ft in diameter and had 233 growth rings. 


Prot PB 1 (Bretuta—PopuLus—ACER) 

This plot was a square of 30 acres, on top of a 
rounded hill on the west side of Joe Lake. As in 
Plot PB 2, the surface was very irregular with many 
rock outcroppings. Running across the middle of the 
plot from the north side to the south was a deep 
depression, dividing the plot into east and west 
Down the middle of each of these halves was 
On one side of 


halves. 
a ridge parallel to the depression. 
each ridge the ground sloped down to the depression; 
on the other side it sloped down the side of the hill 
on which the plot was situated. Consequently, rough- 
ly two quarters of the plot had a western exposure. 
The western exposures together constituted Sub-plot 
1, in which Acer rubrum was the primary dominant, 
and the eastern exposures were Sub-plot 2, in which 
Acer saccharum was the primary dominant. Both 
sub-plots were forests that had followed fire. The 
area was burned about 43 yrs previously and lum- 
bered about 10 yrs before that. 


Sus-pLot 1 (ACER RUBRUM—BETULA) 

This sub-plot of pioneer forest was 16 acres in 
area. It was a common facies of the more usual 
Betula—Populus forest. Acer rubrum was the pri- 
mary dominant with 34% of the total basal area and 
462 stems/A, and Betula papyrifera the secondary 
dominant with 22% and 105 stems. Populus tremu- 
loides (3% and 16 stems) was sixth in order of de- 
creasing basal area. There is no apparent explana- 
tion why this stand should differ from that of Plot 
PB 2 except that it may have been a more mature 
development of this forest type, since the forest of 
Plot E 2 was about 30 yrs, that of Plot PB 2 about 
35 yrs, and that of this Plot PB 1 about 43 yrs old. 
Corresponding with this advance in age was an 
increasing relative importance of Acer rubrum. 

As in Plot PB 2, it appears that Acer saccharum 
with 13% of the total basal area and 211 stems/A 
eventually will take over the dominance from the 
pioneer species without an intervening stage of 
(1% and 2 stems) and Picea (1% and 7 
stems). Gates (1930) says that Populus is invaded 
and replaced by Acer saccharum on better upland 
soils. In Algonquin Park this maple appeared to 


Abies 
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grow quite well on very thin soil overlying bedrock, 
as in Sub-plot 1 of Plot PB 1. 

A few trees of Quercus borealis and Betula lutea 
The largest of these were probably 
Quercus was of rare oc- 
ark. 
Populus grandidentata was a characteristic poplar 
of the pioneer forest, but was usually less abundant 
than Populus tremuloides. Fraxinus nigra grew in 
wet depressions. One tree of Pinus strobus was re- 
corded having a diameter of 12 in. This tree germi- 
nated soon after the fire and grew to this diameter in 
about 43 yrs. 
virginiana, and Fagus grandifolia were minor con- 
stituents. 

The top of the canopy was about 30 ft above the 
ground; the average crown-length was 15 ft. Most 
of the large trees had a diameter of about 4 in. and 
were about 40 yrs old. 

There was a considerable variety of young trees 
in this subplot, but only Acer rubrum (454/A) and 
Acer saccharum (410/A) were present in large num- 
Thirteen species of young trees were recorded. 


were recorded. 
present before the last fire. 
currence on the west and south sides of the 


Pinus strobus, Prunus serotina, Ostrya 


bers. 
This large number suggests that after a fire, rezenera- 
tion in the new area is not necessarily restricted to 
a few species. On the other hand, it is possible that 
some of the minor constituents might have been 
present in even greater quantity had there been more 
seed of each species. The scarcity of Quercus borealis 
(2 young trees/A) even in the presence of a few 
large seed trees was perhaps because this locality 
was close to the northern limit of its range. 

Individual stems of Salix grew on hill-tops as 
well as in gullies. Vaccinium abundant in 
patches. Hieracium aurantiacum and Chrysanthe- 
mum leucanthemum grew in dry, open places, and 
areas of bedrock were usually covered with mosses. 
Although only a thin layer of mineral soil covered 
the rock in many parts of this forest, the humus hav- 
ing been burned off, young trees and Corylus were 
very well distributed. 

Previous to lumbering, the sub-plot supported 


was 


Pinus strobus at a density of 65/A, judging from 
stumps. This probably would have been a pure 
stand. Pinus stumps were charred from the sub- 


sequent fire or fires. 


Sus-PpLoT 2 (AcER—OstTrRYA Forest) 

Most of the trees in this 14 acre area were Acer 
saccharum of 2 and 3 in. diameter, with a few of 
larger size. The transition from 
Betula to Acer—Ostrya forest was quite sharp at the 
tops of the two ridges. 

The explanation of this distribution does not lie 
in a selection by Acer saccharum of east slopes, 
and by Acer rubrum of west slopes, for other ex- 
amples could not be found. It may be that the fire 
which last burned the area burned more intensely 
on the west slopes, killing all vegetation, aud burning 
all the organic matter in the ground. This would 
leave only the thin layer of mineral soil that is now 


Acer rubrum— 
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found in the Acer rubrum—Betula forest. No trees 
would be left for reseeding, nor roots to produce new 
sprouts. On the east slopes, however, the fire left a 
few large trees of Acer saccharum, and did not 
destroy completely the organic matter of the soil. 
The soil at present is obviously deeper than on the 
western slopes, and there are few outeroppings of 
bare rock. These few remaining maples could have 
dropped a relatively copious amount of seed onto 
the ground around them, and a thick growth of 
young could appear before other 
tree species could invade from a distance. 

The large representation of Ostrya (18% of the 
total basal area and 312 stems/A) was characteristic 
of hardwood forest in this region. Acer rubrum (10% 
and 207 stems) had a basal area of about one sixth 
that of Acer saccharum (62% and 824 stems). It 
was usual for Acer rubrum to occur in minor quanti- 
ties in hardwoods, and a few of these would probably 
mature. The presence of Quercus borealis (4% 
and 20 stems) was doubtless due to the proximity of 
a few seed trees as in Sub-plot 1. There were 
7 stems/A of Betula papyrifera of 4-11 in. d.b.h. 
This diameter distribution suggests that the rela- 
tively few seeds that germinated while the Acer sac- 
charum was still small were able to overtop the 
maples and survive, but as the shading effect of the 
Only one 


Acer saccharum 


maple increased, birch regeneration ceased. 
tree of Pinus strobus (16 in. d.b.h.) was recorded. 
This was 4 in. larger than the single Pinus in the 
sample of Sub-plot 1, and the difference may be cor- 
related with the deeper organic soil of Sub-plot 2. 

Frazxinus nigra grew at the bottom of the slope, 
Prunus serotina was scattered throughout the stand, 
and the two species of Populus were represented. 
Picea glauca, Betula lutea, and Fagus grandifolia 
had small reprsentations. 

The top of the canopy in Sub-plot 2 was 35 ft 
above the ground and the average crown-length was 
15 ft. The trees that comprised the canopy were 
about 3 in. d.b.h., and about 30 yrs old. 

Young trees were present in the same relative 
order of abundance as larger trees, a characteristic 
of hardwoods. This is usually the main support 
used for the argument that hardwoods are climax in 
the ecotone between the Coniferous and Deciduous 
Forest Biomes (Gates 1926, Eggler 1938, Graham 
1941, Potzger 1946, Stearns 1951, Brown & Curtis 
1952, most of whom include Tsuga canadensis with 
hardwoods). 

Shrubs and herbs were few in the young Acer— 
Ostrya forest. Only Corylus cornuta was widely dis- 
tributed, and it occurred as scattered single stems 
rather than in dense clumps. 

Stumps and logs suggested that Sub-plot 2 was 
a mixed forest of hardwoods and pine prior to lum- 


bering. 
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Pitot BS-PB (BeruLa—PoPuULUS MIXED WITH 
ABIES—PICEA) 

Located at Taylor Statten on the Canadian Na- 
tional Railway, this strip plot was 5500 ft long and 
200 ft wide, with an area of 25 acres. A bridle path 
constituted the middle line. 

As in Plot PB 2, Betula papyrifera was the most 
abundant tree species, with 31% of the total basal 
area and 150 stems/A; but the average diameter of 
trees was 6 in., compared with 5 in. in plot PB 2. 
Abies balsamea (18% and 118 stems) had the second 
highest basal area; the average diameter was 5 in. 
as against 4 in. in Plot PB 2. In other words, the 
forest was more advanced in Plot BS-PB than in 
Plot PB 2. On the basis of 8 trees examined, the 
forest in Plot BS-PB was probably about 50 yrs old, 
while that in Plot PB 2 was estimated at 30 yrs. 
Populus tremuloides was third in basal with 
16% and 32 stems, with an average diameter of 9 
in. as against 5 in. in Plot PB 2. 

It could be observed readily in the field that 
Betula—Populus forests were usually the first to 
follow fire, that they included Abies balsamea and 
Picea glauca which were smaller and fewer than 
Betula and Populus, and that the Abies and Picea 
became relatively more conspicuous in older stands. 
Therefore, it seems justified to conclude that in the 
past Plot BS-PB was dominated by Betula papyri- 
fera, accompanied by Populus tremuloides, even more 
than it is now, and that in the future, as the Betula 
and Populus mature and die, the conifers which at 
present form an understory will take over dominance. 

The largest birch and poplar were 15 in. d.b.h., 
about as large as these trees become in the Park, 
although oceasional birch attain a diameter of 2 ft. 
Since birch and poplar are shade intolerant, they 
might be expected to give indications that their im- 
portance is decreasing in this plot. These indica- 
tions were found in the diameter distributions; in 
both species the diameter distributions were in the 
form of a binomial curve, with a decrease in the 
number of stems under 4-5 in. in birch and 6-7 in. in 
poplar. There were more dead birch trees at the 
smaller diameters. Abies balsamea and Picea glauca, 
on the other hand, showed good regeneration in the 
lower classes. 

Although Abies balsamea and Picea glauca grow 
in the shade of Betula and Populus, they do not 
regenerate in the deeper shade of hardwood forest. 
In many places in the Park there are forests that 
are similar to Plot BS-PB, but include in addition an 
important amount of young Acer saccharum. These 
maples eventually shade out the conifers, as_ well 
as any remaining birch and poplar and convert the 
forest into hardwoods. 

On the other hand, there are large tracts with a 
tree composition similar to that of Plot BS-PB, and 
lacking Acer saccharum. These areas may become 
Abies—Picea forest pending invasion by hardwoods 
at some future time. 


area 
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Picea glauca in this plot had 9% of the total 
basal area and 39 stem/A. Minor constituents in- 
cluded Pinus strobus, Picea mariana, Acer rubrum, 
Populus grandidentata, and Prunus serotina. Picea 
mariana was commonly associated with P. 
and balsamea and was not restricted to the 
hydrosere. Populus grandidentata produced a few 
trees/A only in the early stages of the pioneer forest. 
There were more dead than living trees of Prunus 
serotina in the cruise sample. 

Plot BS-PB had a little more than half as many 
trees/A (574) as Plot PB 2 (872) but a larger total 
basal area, because the trees were larger. The mean 
diameter of all species was 5 in. in Plot BS-PB, 1 in. 
larger than in Plot PB 2. 

The forest was about 50 yrs old; the oldest 
measured tree was about 47 yrs. There seemed to 
be no significant difference between the ages of any 
two species, and it seems likely that all the principal 
species of the canopy seeded in at about the same 
time. The deciduous trees were 50 to 60 ft high, 
while the conifers were 30 to 40 ft. The average 
crown-length of the deciduous trees was about 30 
ft, and of the coniferous 20 to 40 ft. It is char- 
acteristic of an Abies—Picea stand to have a poorly- 
defined canopy, since the level of lowest branches is 
quite variable, and since the crowns remain conical. 

Most of the trees under 2 in. d.b.h. were Acer 
rubrum (339/A). It seemed to be characteristic of 
this species in Algonquin Park to have large numbers 
of young trees, especially in open patches in the 
forest, but few of these young trees reached a diam- 
eter of 1 ft. Algonquin Park is close to the north- 
ern limit of its range. At the same time a few 
large trees of this species were scattered through 


glauca 
Abies 





stands of Acer saccharum. 

There were more young trees of Abies (51/A) 
and Picea (50/A) than of Betula (12/A) and 
Populus (5/A). It is notable that Picea 
(45/A) had nine times as many young trees as P. 
glauca. 

There was a well-developed growth of Corylus 
cornuta, as in the Betula—Populus plots. Vaccinium 
occurred in openings. Cornus canadensis grew suc- 
cessfully in virtually all types of forest in Algonquin 
Park. Gaultheria procumbens occurred in dry sites. 

The only stumps and logs recorded over 12 in. 
d.b.h. were of Pinus (66/A). The area 
probably was covered with this species prior to lum- 


mariana 


strobus 


bering, which must have taken place just before the 
last fire. Betula papyrifera had 41 stumps and 


logs/A, of diameters up to 1 ft. This may be evi- 
dence of the maturity of birch in this plot. 


Piotr BS (Apres—PIcEA Forest) 

These were two plots totaling 25 A in area, of 
which 20 A were near Deer Lake, and 5 A were 
near Grant Lake. Both plots were strips 200 ft wide 
bordering beaver meadows. The forest outside the 
strips was mostly hardwoods. 

Abies balsamea was the primary dominant, with 
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68% of the total basal area and 424 stems/A. The 
average d.b.h. of trees was 5 in. Picea mariana had 
14% of the basal area and 49 stems/A, P. glauca had 
13% and The diameter distributions of 
Abies balsamea and Picea glauca were those of an 
all-aged stand (continuing reproduction), while Picea 
mariana appeared to be even-aged (declining repro- 
duction). Trees of the pioneer forest—Acer rubrum 
and Betula papyrifera—were next in abundance, 
and trees of hardwood forest—Acer saccharum, 
Ostrya virginiana, and Betula lutea—had small repre- 
sentations. 
sample by a single tree. 

Although it is not necessary to infer that Abies 
balsamea and Picea glauca succeeded Betula papyri- 


55 stems. 


Tsuga canadensis was represented in the 


fera and Populus tremuloides on these particular 
plots, it is probable that many areas where this suc- 
cession is now in progress eventually will resemble 
Plots BS. The trees were distributed in clumps 
with areas devoid of any tree species between the 
clumps. The soil here had a very low humus con- 
tent and in many places was very shallow. Hutehin- 
son (1918) states that grows in 
constantly moist soil. In Algonquin Park this species 
and its associates, the spruces, are more densely 


Abies balsamea 


distributed close to lakeshores on sites that presuma- 
bly are too wet for Acer saccharum to dominate, but 
these conifers also occur widely on very dry sites. 
Dansereau (1944) states that in the ecotone between 
the Northern Coniferous Forest and the Eastern 
Deciduous Forest, the two climaxes may “interfinger” 
in Quebec, so that the region has two climaxes. 
Abies—Picea might appear to be climax on Plots 
BS since there is very little survival to tree size of 
species other than Abies balsamea and Picea spp. 
There was abundant evidence in other stands in the 
Park that this may be only a temporary condition. 
With the build-up of humus, hardwoods may invade 
here. 

The trees in the high diameter classes were about 
50 ft high, with branches usually to the ground. 
Their age was about 30 yrs, as against about 40 yrs 
in Plot BS-PB. This probably means that for some 
reason Abies and Picea were the first trees to grow 
on Plots BS after the last fire. If Betula and 
Populus had grown after the fire, the forest would 
now be a mixture as in Plot BS-PB. 

The shrubs Corylus cornuta and Vaccinium were 
abundant in the openings of the Abies—Picea forest. 
Salix and Alnus were shrubs of lesser importance, 
and were not always restricted to wet situations. 
Pteridium aquilinum grew in the openings. Other 
herbs included Cornus canadensis, Coptis trifolia, 
Linnaea borealis, and Lycopodium complanatum var. 
flabelliforme. covered rock outcroppings. 
No vegetation grew in the needle-covered ground 
directly beneath the dense clumps of conifers. 

The density of Pinus strobus prior to lumbering 
was about 17 tree/A. This density probably means 


Mosses 


that the forest was originally pine mixed with hard- 
woods. 


The pine stumps were charred by fire. 








202 N. D. Martin 


During the early 1940’s a heavy infestation of the 
spruce budworm, Choristoneura fumiferana Clem., 
in Algonquin Park resulted in the death of much of 
the balsam, which is the primary host tree of the 
budworm. These trees soon fell over creating a 
maze of trunks and branches. In these openings a 
thick growth of Rubus idaeus appeared, followed 
by a new generation of both Acer rubrum and A. sac- 
charum. Such an area at the present time might 
contain a mixture of trees dominated by Picea glauca 
and surviving Abies, with a pre-infestation comple- 
ment of Acer saccharum, ana undergrowth of Acer 
rubrum and A. saccharum. 


Piotr P 1 (IMMaTuRE Pinus strobus) 

This plot on Forbes Creek, near Achray, on the 
northeast side of the Park was 28 A in area, some- 
what irregular in shape, but roughly rectangular. 

Pinus strobus was the primary dominant with 65% 
of the total basal area and 263 stems/A, and P. 
resinosa the secondary dominant with 24% of the 
total basal area and 80 stems/A. Both these species 
were in even-aged stands. The mean diameter of 
P. strobus was 8 in. and the largest recorded tree 
had a d.b.h. of 23 in. The diameter class with the 
largest number of trees was 6- to 7-in. for P. 
strobus and 8- to 9-in. for P. resinosa. This may be 
correlated with a P. resinosa stage preceding P. 
strobus dominance (Kittredge 1934), but the pri- 
mary dominance of P. resinosa could have been only 
short-lived on Plot P 1, since there was a difference 
of only one diameter class between the modes of the 
two species. 

Populus tremuloides, with 5% of the total basal 
area and 18 stems/A, represented part of the pioneer 
forest that probably preceded pine in this area. 
These trees were the same age as the pine, and must 
have seeded in at the same time, but because they 
grew faster, they, associated with Pinus banksiana, 
dominated the pioneer forest. In surrounding areas 
there were abundant mixed stands of overmature 
Populus tremuloides, Betula papyrifera, and im- 
mature P. strobus. These stands represent the suc- 
cession of Betula—Populus forest to P. strobus 
(Graham 1941). In some areas nearby, the pioneer 
forest was P. banksiana rather than Betula—Populus 
(ef. Brown & Curtis 1952). P. banksiana in Plot 
P 1 had 4% of the total basal area, 5 stems/A, mean 
diameter of 14 in. It was evidently associated with 
poplar before the P. strobus and P. resinosa became 
dominant. According to foresters who were work- 
ing in the area, these trees of P. banksiana are 
about 90 yrs old. 

Small trees of P. strobus and Picea mariana be- 
longed to the meager understory. 

The top of the canopy was about 65 ft above 
the ground, and the average crown-length was about 
20 ft. 

The present stand of pine was even-aged but there 
was not much indication of what would succeed it. 
This is because the canopy was so dense that shade 
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intolerant species, including pine, could not regene- 
rate. Acer saccharum, which is fairly shade tolerant, 
was not growing here now presumably because the 
organie content of the sandy soil was too greatly 
reduced during a previous fire. It follows that, ex- 
cept for the maturation of the pine, the forest may 
remain much the same as it is now for a long time. 
There were about 600 trees/A under 2 in. d.b.h., 
and most of them were Abies balsamea, P. strobus, 
and Picea glauca. Since very few individuals of 
these species were recorded in higher diameter classes 
it is evident that these young trees do not reach a 
large size. This was confirmed by examination of 
older stands of pine. The pine forest was dominant 
right to the shore of a nearby lake, with no margin 
of Abies—Picea. 

Other vegetation included Vaccinium, Corylus 
cornuta, and Pteridium aquilinum, all of which were 
abundant in Abies—Picea forest. Myrica gale was 
noted in the bog plots. Its presence in Plot P 1 
may be correlated with the acidic mor; the substrate 
of fhe bog was also highly acidic. Linnaea borealis 
was very abundant in the pine forest, sometimes 
forming dense mats about 5 sq ft in area. Gaultheria 
procumbens was abundant and widespread. Cornus 
canadensis was much less abundant than in Abies 
Picea forest, while Maianthemum canadense, pri- 
marily a hardwoods plant, was present but not 
abundant. An unidentified grass was distributed 
sparsely but evenly over the needle-covered ground. 

The foresters who were working in the area re- 
constructed its history as follows. About 1865 it 
was swept by fire. Following the fire, a stand of 
P. banksiana and probably other species such as 
Populus tremuloides and Betula papyrifera was initi- 
ated. In 1875, a second fire burned over the area, 
killing all but the P. banksiana. After this second 
fire, P. strobus, P. resinosa, and some Populus and 
Betula were initiated. These are the trees that are 
present now. In 1890 the lumbermen were logging 
virgin pine in the region, but there were no large 
stumps of virgin pine in this plot. Possibly the pine 
on this dry site was small, even before the first fire, 
but it is more likely that the area was covered with 
hardwoods, the stumps of which would now be dis- 
integrated. 

From all the information at hand it seems justi- 
fiable to speculate that the pioneer forest, which 
was first P. banksiana and later P. banksiana and 
Betula—Populus, maintained dominance over P. 
strobus and P. resinosa for about 30 yrs following 
the fire of 1875. This supposition is based partly 
on the evidence of Plot BS-PB which showed that 
Betula—Populus maintained its initial vigor for 
about the first 50 yrs after a fire, and partly on the 
appearance of mixed stands near Plot P 1 where the 
P. strobus was about the same height as the Populus 
and Betula, but about 30 yrs younger. 








Pitot P 2 (Pure VirGin Pinus strobus) 
This area of about 25 A was located about 1% mi. 
west of the junction of Reed and Fitz Lakes in 
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Fitzgerald Township on the northeast side of the 
Park. It was visited for only a few hours and was 
not sampled. 

The density of P. strobus was calculated by meas- 
uring the distances between 10 adjacent trees in a 
small area selected as typical of the plot. The 
average distance between a tree of P. strobus and 
its nearest neighbor of the same species was 12 ft 
in this selected area. If pines in the whole stand 
averaged 12 ft apart, their density would be about 
300/A (Table 3). This is 37 more P. strobus/A than 
in Plot P 1, but 43 trees/A less than the combined 
P. strobus and P. o Flot P 1. No P. 
resinosa was found in Plot P 2. If the trees in Plot 
P 2 averaged 2 ft in diameter, their total basal area 
would be about 900 sq ft, whereas the total basal area 
of P. strobus and P. resinosa in Plot P 1 was about 
126 sq ft. It appears that although Plot P 1 may 
be “overstocked,” it is possible for P. strobus to at- 
tain a d.b.h. of about 2 ft (Table 4), a height of 97 
to 136 ft, and an age of over 100 yrs in a stand of 
about 300 trees/A. 


resinosa 


TABLE 3. Plot P 2 (Virgin Pinus strobus). 








Species Comments 
Tree Canopy 
Pinus strobus....... 300 per acre; basal area about 
900 sq. ft. 
Understory 
Abies balsamea..... . Fairly dense; d.b.h. 2-3 in., 40 ft 
high 


Betula papyrifera....| Few and spindly; d.b.h. 4-10 in., 
40-60 ft high 

Shrubs 
Corylus cornuta..... 
Vaccinium sp....... 

Herbs 
Abies balsamea..... . 
Pteridium aquilinum. 
Aster macrophyllus . . 
Dryopteris spinulosa. 
Acer rubrum........ 
Acer saccharum..... 

| 


Tn some places. 
Very scarce. 


Seedlings abundant in patches. 
Very sparse and scattered. 
Very sparse. 

Very scarce. 

Seedlings very scarce. 
Seedlings very scarce. 





Ground: Deep layer of Pinus strobus needles; A? horizon 5 in. 
below surface of litter. 
| 
Stumps and logs 


Abies balsamea..... . | Scattered; d.b.h. 2-3 in. 
Pinus strobus..... .| A few at periphery of plot, the 


result of cutting over 5C yrs. 
previous; d.b.h 1-2 ft. 


How much older than 100 yrs the trees of Plot 
P 2 were is not certain, since the hearts of the two 
trees examined were rotten. Mayall (in Hosie 1953) 
notes that a small stand of virgin Pinus near Crow 
River in Algonquin Park was 350 yrs old. The 
trees in it had a d.b.h. of up to and sometimes over 
4 ft. The two trees measured in Plot P 2 may be 
less than 200 yrs old. Their growth rings were very 
close together, suggesting suppression, and if more 
ring counts were made, the age of the stand might 
prove to be older than 200 yrs. 

Near the stand were a few old stumps and logs 
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TABLE 4. Plot P 2 (Virgin Pinus strobus): Repre- 


sentative trees. 





|Growth rings 


Species d.b.h. | Height | (3 ft above 
(in.) ft) ground) 

Tree 1 Pinus strobus 18 97 
Tree 2 (growth rings very narrow; 

center rotten). . P. strobus 21 118 117+ 
Tree 3 (growth rings very narrow; 

center rotten) P. strobus 24 106 95+ 
Tree 4 P. strobus 18 107 
Tree 5 P. strobus 25 136 
Tree 6 | P. strobus 25 | #136 
Tree 7 | P. strobus | 30 | 136 
Tree 8 (14 mi. from plot, in mixed 

hardwoods) | P. strobus | 52 | (top broken off) 


Average crown length: about 50 ft. 


left by the lumbermen over 50 yrs previously, but 
this evidence was not extensive. On the contrary, 
there were many trees over 4 ft d.b.h. in small groves 
of pure pine, or mixed with hardwoods. The sporadic 
character of the early lumbering in this relatively 
inaccessible area is demonstrated by the present ex- 
tensive logging of virgin P. strobus by one company 
in the area. From aerial photographs it appears 
that virgin pine occurs mixed with hardwoods over 
about 1 sq mi, and in at least 3 pure stands of about 
25 (Plot P 2), 15, and 5 to 10 acres respectively. 

There was an understory on the plot of spindly 
Abies balsamea and some Betula papyrifera (Table 
3). The Abies was of 2 to 3 in. d.b.h., and grew to 
about 40 ft tall. It did not enter the closed canopy 
of Pinus. In Plot P 1 Abies was the most abundant 
species of young tree, and Potzger (1946) mentions 
the abundance of Abies under Pinus. The absence of 
Abies in the canopy of Plot P 2, however, suggests 
that it remains an understory in the Pinus forest 
and does not threaten the dominance of Pinus. 

The shrub stratum (Table 3) was chiefly Corylus 
cornuta, 

The herb stratum, including tree seedlings, was 
poor in species, and with the exception of balsam, 
poor in numbers (Table 3). This poverty may have 
been due partly to shade, but the shade in the pine 
forest was not heavy, as testified by the presence 
of Corylus cornuta. Cline & Lockhard (1925) state 
that pure pine stands cause a deterioration of soil 
through drying out and loss of humus. However 
this may be, it is probable that the establishment of 
the mor humus with its deep layer of undecomposed 
needles is not conducive to the growth of herbs. The 
progressive development of this condition may be 
reflected in the greater poverty of herbs and shrubs 
in Plot P 2 than in Plot P 1 and in the lack of pine 
seedlings in Plot P 2 (ef. Cline & Lockhard 1925). 

Stumps and logs (Table 3) indicated the death 
of balsam at d.b.h. of 2-3 in. Pine stumps of the 
previous logging mentioned above were no larger 
than the trees now growing on the plot. It is possible 
that the entire stand at that time, from which only 
a few individuals were cut, was composed of trees 
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very little smaller than they are at present. The 
growth rate may be very slow on this site. 


Prot P 3 (Viren Prnus—TsvGa) 

This was an area 100 ft square on Laughrin 
Creek near Biggar Lake. The surrounding forest 
was P. strobus mixed with hardwoods, and Plot P 3, 
a stand of pine without an understory of hardwoods, 
was selected as possibly representative of much of the 
forest in Algonquin Park during the 19th century. 
The plot was visited for only a few hours, and no 
increment borings were taken. 

The forest was dominated by P. strobus with 78% 
of the total basal area and 31 stems/A. The d.b.h. 
ranged from 1 to 4 ft, but there were no pines smaller 
than 1 ft in diameter. The estimated height of the 
pine was over 200 ft and its age was probably over 
300 yrs (Mayall, in Hosie 1953). There was an 
understory of Betula lutea and Tsuga canadensis, as 
well as some small Picea glauca. Abies balsamea 
over 2 in. d.b.h. was dead. 

As in Plots P 1 and P 2, there were many small 
balsams. There were some young pines and Acer 
rubrum. Herbs and shrubs were similar to Plot P 1 
in species and abundance, although Corylus was 
searce. There were a few pine and balsam stumps. 

Pinus does not form a closed canopy at a density 
as low as 31 trees/A. Between the trees of Pinus 
were Betula lutea and Tsuga, but the dominance of 
the Pinus was demonstrated by a thick layer of pine 
needles on the ground. The Betula probably entered 
from the surrounding forest where it was plentiful. 
The Tsuga appeared to be even-aged. It was prob- 
ably suppressed, and since Tsuga can live in a sup- 
pressed condition for at least a century (Marshall 
1927), it is impossible to know the age of these 
trees without taking increment borings. As the pine 
dies it is probable that the hemlock, released from 
suppression, will take over the dominance of the 
stand. 

Surrounding Plot P 3 were several square miles 
of hardwoods mixed with P. strobus. These pines 
were around 4 ft d.b.h. and 200 to 500 ft apart. 
This is a density of 1 tree/A to 1 tree/6 A. The 
lower tree canopy was Acer saccharum and Betula 
lutea. When the pine dies from this area, the forest 
will be hardwoods. 

The large size of pines on and near Plot P 3 was 
probably due to the great age of the trees, and unde- 
termined factors of site (there was no evidence of 
sand). 


Pitot BS-H (Harpwoops anp ABIES—PIcEA) 

This was a 25 A strip plot 5500 ft long and 200 
ft wide with a trail up the middle, located on the 
north side of Tea Lake and bounded on the south by 
the lake and on the north by hardwood forest. 

This mixed plot provides a history of forest suc- 
cession from pioneer stages almost to climax. There 
were 3 tree strata, the highest composed entirely 
of Betula lutea whose crowns towered above the rest 
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of the forest. This species had 37% of the total 
basal area and 38 stems/A. Its diameter distribution 
was that of an even-aged stand from about 9 in. to 27 
in. d.b.h. A tree from this range (Tree 4, Table 5) 
was 85 ft high and about 250 yrs old. These trees 
were undoubtedly a remnant of the virgin forest 
before it was logged for Pinus strobus and Acer 
saccharum about 50 yrs previously. 


TABLE 5. Plot BS-H (Abies-Picea and hardwoods): 
Representative trees. 





| 

| Length | Growth 

| d.b.h. |Height} of _ |rings 2 ft 
Species | (in.) | (ft) | Crown | above 
(ft) ground 





Tree 1 Acer saccharum.... 





| 13 64 37 60 

(in med. tree stratum) 

Tree 2 Abies balsamea.....| 5 35 30 28 
(in med. tree stratum) | 

Tree 3 Picea glauca....... | 10 48 38 40 
(in med. tree stratum) 

Tree 4 Betula lutea........| 24 85 46 250 
(in high tree stratum) | 

Tree 5 Picea glauca....... | 13 73 | #258 55 
(in high tree stratum) | 

Tree 6 Acer saccharum. . . | 2 12 6 21 


(in low tree stratum) 











The large trees of Acer saccharum, from about 
8 in. d.b.h. up to 21 in., belonged to the medium tree 
stratum which formed most of the canopy. One 
tree from this group was 64 ft high and 60 yrs old 
(Tree 1, Table 5). This tree would be advance 
growth. The medium tree stratum may have been 
composed of trees that sprang up after logging, 
either from seeds or from advance growth. Trees 
under 8 in d.b.h. comprised the low tree stratum. 
Acer saccharum had 30% of the total basal area and 
228 stems/ A. 

Abies, with 16% of the total basal area and 210 
stems/A, probably seeded in after logging, and since 
it grows more rapidly than Acer saccharum, it seems 
justified to speculate that it overtopped the Acer for 
a time and, accompanied by Picea glauca, would have 
formed the Abies—Picea stage of succession. How- 
ever, Abies is short-lived, and in Algonquin Park 
does not exceed about 15 in. d.b.h. Eventually the 
Acer would have overtopped the Abies. At the present 
time, Plot BS-H probably represents that stage of 
succession where hardwoods have replaced Abies— 
Picea as leading dominants, but the Abies—Picea 
forest is still well represented. (The high stratum 
of virgin Betula lutea is regarded as an artifact. This 
species is represented by relatively few trees—a 
typical condition—and does not appear to alter the 
succession of other species.) Abies had an all-aged 
diameter distribution, indicating that the hardwoods 
have not yet closed the canopy, and Abies is still 
able to reproduce. Tree 2 (Table 5) was typical of 
Abies on this plot. It was 35 ft high and about 28 
yrs old. 

Acer rubrum (7% of the total basal area and 133 
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stems/A) and Betula papyrifera (2% and 1 stem) 
may represent the pioneer forest that seeded in 
after logging. Although fast-growing, Acer rubrum 
is short-lived in Algonquin Park, and is rarely found 
larger than 12 in. d.b.h. as in this plot. 

Picea glauca (3% and 9 stems) had an even-aged 
representation. Regeneration of Picea glauca was 
not extensive. Although this species was of second- 
ary importance so far as numbers were concerned 
in the Abies—Picea forest, it grew to a height of 
more than twice that of Abies. In Plot BS-H, one 
spruce (Tree 5, Table 5) about 55 yrs old was 73 ft 
high. (Near Achray, an 80 yr-old tree was 125 ft 
high, with a d.b.h. of 15 in.) 

The presence of a small amount of Thuja occi- 
dentalis (2% and 2 stems) was evidence that all com- 
ponents of the forest do not adhere strictly to rules 
of succession. As a major component of the forest, 
this species is restricted to the late hydrosere, or to 
the climax forest of the xerosere. As a minor 
component, however, it may be found in many other 


types of stands, including Plot BS-H. Prunus 
serotina (2% and 13 stems) is a member of the 


pioneer forest. Usually a few individuals persist 
through succeeding stages to be present as large trees 
in the hardwood forest. 

The occasional large tree of Betula papyrifera 
was a remnant of the pioneer forest. Some of these 
large individuals had spreading crowns 60 ft high. 
Pinus strobus, Ostrya virginiana, and Prunus vir- 
giniana were minor constituents. The last is a 
pioneer species of minor importance in Algonquin 
Park. Tsuga canadensis, the climax species, had no 
representation of living trees in this plot. The low 
tree stratum was between the heights of 6 and 12 ft, 
the medium from 12 to about 65 ft, and the high 
from 65 to about 85 ft (Table 5). 

Acer saccharum, which was taking over the do- 
minance of the forest, had the greatest regeneration 
(1522 stems/A of trees under 2 in. d.b.h.). Abies 
balsamea, which was relinquishing dominance, had 


the second largest regeneration (185/A). Acer 
rubrum, which may have been a primary dominant 
before Abies, was third (83/A). Various other 


species were present in small quantities. It is notable 
that there was some regeneration of Fagus grandi- 
folia (5/A), not an abundant species in the Park. 

Corylus cornuta was a widespread shrub and was 
found in 26 of 33 samples (frequency, 79%). It was 
favored by the many openings in the canopy. Cornus 
canadensis was found in 5 of 33 samples (frequency, 
15%). It was most abundant near the coniferous 
trees, 

Pinus strobus was originally present at about 11 
trees/A, judging from stumps. This would permit 
an extensive understory of Acer saccharum and Betula 
lutea, 

In summary, Plot BS-H was logged for Pinus 
strobus and Acer saccharum about 50 yrs previously. 
Prior to lumbering it was probably a mixed forest 
of Pinus strobus and hardwoods. The Betula lutea 
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was not cut, and trees are present now as a high 
tree stratum. A medium tree stratum is composed 
of Acer saccharum, Abies balsamea, and Picea glauca 
which grew up after lumbering. The Acer saccharum 
is eliminating the Abies and Picea. There is a low 
tree stratum of young Acer saccharum. 


Piotr H 1 

This plot was a square of 28/A on a hill top about 
1 mi. east of Smoke Lake on Highway 60. The ele- 
vation was about 1600 ft above sea level, almost the 
highest point in the Park. 

Acer saccharum was the primary dominant tree 
species, with an all-aged diameter distribution. It 
had 55% of the total basal area and 328 stems/ A. 
Betula lutea had the second largest basal area (27% 
of the total), with a characteristically small repre- 
sentation of stems in each diameter class. 

Fagus grandifolia (8% and 59 stems) had the 
second largest number of trees, but a much smaller 
representation than Acer. The small representations 
of Tilia americana (8% and 2 stems) and Ostrya 
virginiana (2% and 18 stems) were typical of hard- 
wood stands; so also was the presence of a few trees 
of Prunus serotina over 1 ft d.b.h. Acer pensylvani- 


( Harpwoops ) 


cum was abundant, but few trees grew above 2 in. 


d.b.h. A single dead tree of Pinus strobus was found 
in the sample. It was probably shaded out by the 
hardwoods. 


Trees about 2 ft in diameter were over 150 yrs 
old (Table 6), but there were trees in the stand up 
to 3 ft d.b.h. Undoubtedly this plot was a virgin 
stand of hardwoods. The top of the canopy was 
about 70 to 110 ft above ground, and about 25 to 
60 ft deep (Table 6). 





TABLE 6. Plot H 1 (Hardwoods): Representative 
trees. 
| | | 
| | | Length | Growth 
|d.b.h. |Height| of __|rings 2 ft 
Species | (in.) | (ft) | Crown | above 
| | (ft) | ground 
| |] — | ——— 
Tree 1 Acer saccharum....| 18 | 69 | 25 | 
ee | 
Tree 2 Acer saccharum....| 18 | 106 61} 
Stump 3 Acer saccharum...| 24 | 185 
(200 ft outside plot) | | 
Stump 4 Acer saccharum...| 21 | 150 


(200 ft outside plot) | 


Most of the young trees under 2 in. d.b.h. were 
Acer saccharum, Acer pensylvanicum was plentiful, 
and there were a few young trees of Fagus grandi- 
folia and Betula lutea. 

The only shrub that was noticeable was Rubus 
sp., which grew in clearings. There was no ap- 
preciable herb stratum, and the ground was covered 
with a deep layer of dead leaves. 

There had been probably no appreciable amount 
of Pinus strobus on this area at the time of lum- 
bering 50 yrs previously, for there was only one 
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TABLE 7. Plot He 1. (Tsuga, 32 aeres): Living 
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(L) and dead (D) trees per acre above 
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1.5 in. d.b.h. 





d.b.h. (inches) 


Basat AREA 








| 
| Stems (sq ft) Diam. 
Species — i Aver. 
| | living 
2,3 | 4,5 | 6,7 | 89 | 10,11 | 12,13 | 14,15 | 16,17 | 18,19 | 20,21 | 22,23 | 24,25 | 26,27 | 28,29 | Total| 9% | Total | % Tree 
\ DILDILDILDILOILOIADILCD LOIS oD |. DIL DILDILD| & ae | (in.) 
Tsuga canadensis |8 |22 [24 23 118 118 6 |26—S ‘4 6 4 |2 2 167 55 |126.516| 72 12 
4 i 1 6 
Betula lutea | 1 i) oe, oe ee ee 2 1 1 37 12 | 36.702} 21 i 
1 1 1 4 1 1 1 10 
Abies balsamea 63 11 3 5 1 1 | 84 28 6.786} 4 4 
12 § 3} 2 3 | 28 
Thuja occidentalis 1 2 2 | 2 2 9 3 2.731; 2 7 
2 2] 4 6 3 1 | 18 
| | | a 
Picea glauca 3 1 1 5 2 0.894) 1 6 
| | 
Acer rubrum 1 1 + 0.442) + 9 
— | = ra || 
Picea mariana 1 1 + 0.087) + 4 
| | | 
mene Po = ae 
Betula papyrifera | | | | | 
| | | } 1 1 
Sintec |- — | ——| ~ — - 
Total trees 760 «= /40s« [3436 24 25 80s H17—S—«*f 10 6 | 3 3 304 174. 158| 10 
12 15} 7| 7 9} 3| ' 4 1] 1 1 1 1 63 
| | | | | | | 


Area sampled: 1.56 acres 


recorded stump/A. Hardwood stumps and logs rot 
relatively rapidly, and those that were recorded 
(23/A of Betula lutea, 12 of Acer saccharum, 8 of 
Fagus grandifolia) probably were of trees that died 
within the past 25 yrs. 


Prot H 2 (Harpwoops) 

This plot was similar to Plot H 1. 
square 28 acres in area, located at the top of a high 
hill on the south side of Tea Lake and had a south- 
ern exposure. 

The tree composition was basically the same as 
that of Plot Ii 1, except that there were a few living 
trees of Pinus, a few more of Prunus and Ostrya, 
and fewer of Fagus. Additional species included 
small numbers of Tsuga canadensis, Acer rubrum, 
Acer pensyl- 


It was a 


Picea glauca, and Thuja occidentalis. 
vanicum was present as in Plot H 1. 

Two trees of Acer saccharum 12 in. and 14 in. 
d.b.h. respectively had 91 growth rings each at 3 ft 
above ground. The tops of their crowns were 64 and 
80 ft above the ground, and their crown-lengths were 
32 and 38 ft. 

The relative abundance of species of trees below 
2 in. d.b.h. was similar to that of Plot H 1, and there 
were small amounts of Acer rubrum, Abies balsamea, 


Picea glauca, and Prunus serotina. Likewise the 


numbers of stumps and logs were similar to those 
of Plot H 1, except that there were a few more of 
Pinus strobus (8/A). 





Pitot He 1 (TsuGa Forest) 

This plot of 32 acres was on a point of land 
projecting into Cache Lake. It was 2200 ft long and 
from 300 to 800 ft wide, and included all the point 
except a few hundred feet at the tip. It was bounded 
on either side by the lake, and the forest was of 
the same composition close to the lake as further 
back. The point was roughly on a north-south axis, 
and sloped sometimes gently, sometimes precipitately, 
east and west from a ridge running up the middle. 
In places of steep slope, the bedrock was close to 
the surface; in others there appeared to be deep soil. 

The primary dominant was Tsuga canadensis, 
which had 72% of the total basal area (Table 7). 
The forest virtually had a closed canopy of hemlock. 
The diameter distribution was not typical of all- 
aged stands, yet as Marshall (1927) points out, hem- 
lock shows no correlation between age and d.b.h. due 
to its ability to live for more than a century in a 
suppressed condition without growing, and then to 
grow rapidly when released from suppression. Mar- 
shall records one tree that took 108 yrs to grow 
to 3 in, d.b.h. under suppression, then only 80 yrs to 
grow to 20 in. after release. Frothingham (1915a) 
states that hemlock in dense shade may remain sup- 
pressed for more than 200 years, and then respond 
to increased light by increasing its rate of growth. 

Betula lutea (Table 7) was present in much the 
same manner as in a hardwoods stand—with a few 
trees in every diameter class up to a large size. 
This species was undoubtedly a remnant of a previous 
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hardwood forest on this area, but its diameter dis- 
tribution suggests that its present meager representa- 
tion may persist indefinitely. 

Abies balsamea grew thickly under openings in 
the canopy, but its mortality was high and its height 
in the forest never rose above the high shrub stratum. 
Under the hemlock canopy it was virtually non- 
existent. 

Thuja occidentalis had been abundant as an under- 
story, but in recent years much of it has been cut for 
telephone poles. Since the soil under the hemlock 
is very acidic (Heimberger 1934, Daubenmire 1930), 
Fernald’s (1919) claim that Thuja “is confined chief- 
ly to basie soils and reaches its maximum develop- 
ment. . only in positively caleareous areas” is 
open to question. The present study shows that 
Thuja grows extensively in two situations: with 
Picea mariana in a late stage of the hydrosere, and 
in the hemlock forest. It has not been found in 
abundance elsewhere. South of the Laurentian 
Shield, its occurrence in Ontario corresponds to that 
in Algonquin Park: it appears to be climax on wet 
ground, and it is an understory in hemlock forest. 
No explanation of this bimodal distribution is ap- 
parent, although two ecotypes probably are involved. 

Picea glauca and P. mariana, Acer rubrum, and 
Betula papyrifera (Table 7) were minor constituents 
of the hemlock forest, occurring in special situations 
such as openings or edges. 

Two hemlocks of 18 in. d.b.h. were about 140 and 
144 yrs old respectively. Marshall (1927) states that 
in Massachusetts unsuppressed hemlock made most of 
its growth in 80 yrs. Since trees of this species in 
Plot He 1 were recorded only to 24 in. d.b.h. it is 
probable that the two measured trees had not attained 
their maximum size in 140 yrs and probably had 
been suppressed at an earlier time. This was prob- 
ably true of most of the subdominant trees in the 
stand, for the dense canopy must have suppressed 
the smaller trees. The top of the canopy was about 
75 ft above the ground, and the average crown- 
leneth about 45 ft. 








TABLE 8. Plot He 1 (Tsuga): Trees under 1.5 in. 
d.b.h. 
| 
Species | On 1.56 | Per acre | % of total 
| acres 
Abies balsamea.......... 200 128 64 
Picea glauca............| 55 35 17 
Picea mariana.......... 36 23 1] 
Tsuga canadensis....... .| 13 8 4 
Fagus grandifolia..... . 4 3 2 
Pinus strobus........ . 3 2 ] 
Acer saccharum........ ] l + 
Acer rubrum............ l ] i 
iC) 201 


There were only 201 young trees/A (Table 8). 
This was about half as many as in the other co- 
niferous plots of Abies—Picea and immature Pinus 
strobus, and about one tenth as many as in the hard- 
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woods. Abies had the largest number, of which the 
majority probably would die before they reached 
maturity. Picea glauca and P. mariana usually did 
not survive to maturity in this forest. Tsuga had 
only 8 young trees/A, vet due to the very long life 
of the species these would be sufficient to maintain 
its position as primary dominant (Hough & Forbes 
1943). Three young trees of Fagus grandifolia were 
recorded per acre. Hough and Forbes (1943) re- 
cord that in the high plateau of Pennsylvania, hem- 
lock stands have an understory of The 
absence of mature beech (Table 7) in Plot He 1 may 
again be due to the proximity of Algonquin Park to 
the northern limit of its range. On the other hand 
hemlock stands in the southern part of Ontario do 
not have a beech understory. Pinus strobus had a 
small representation which probably would not sur- 
vive in the heavy shade of the hemlock forest. The 
same was true of Acer saccharum; maple seedlings 
did not survive in the shade of hemlock. 

Cornus candadensis was an abundant herb here 
as in the other coniferous forests (Table 9). It grew 
thickest where the shade was not extremely dense or 
in openings. The other herbs and shrubs also grew 
in situations where the shade was less dense. 


beech. 


TABLE 9. 
34 samples. 


Plot He 1 (Tsuga): Herbs and shrubs in 





| 
| 


Species Occurrence | Frequency 
(No. of samples) |(% of 34 samples) 
Cornus canadensis... . .| 32 94 
Rubus idaeus...... 24 71 
Coptis trifolia.........| 20 59 
Gaultheria procumbens. . 7 21 
Pteridium aquilinum. 7 21 


Stumps and logs gave evidence of the cedar stand 
prior to its cutting (Table 10). If the stump density 
of 56/A is added to the tree density of 9 in Table 
7, the total density for the species would be 65/A. 


TABLE 10. Plot He 1 


per acre. 


(Tsuga): Stumps and logs 





DIAMETER (in.) 


Species 
6.5- 12.5- 24.5- 36. 5- 
2-6.5 12.5 24.5 36.5 48.5 Total 
Thuja occidentalis 7 34 15 56 
Abies balsamea 15 13 1 29 
Tsuga canadensis 5 6 3 1 15 
Betula lutea 1 2 2 5 
Pinus strobus 2 1 3 
Picea glauca 1 1 
Total 28 56 23 1 1 109 


Thus the stand would have previously been hemlock 
with an understory of cedar. Pine did not appear to 
have been an important constituent of the forest 
during the last 100 yrs (the time a pine stump could 
be expected to survive). 
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Pitot He 2 (TsuGa Forest) 

This plot was on a point projecting into Cache 
Lake, and separated from Plot He 1 by a bay. Its 
area was 25 A, and it was apparently similar in 
most respects to Plot He 1. 

Tsuga was the primary dominant with 53% of 
the total basal area, as against 72% in Plot He 1. 
Betula lutea had 21% of the total basal area, the 
same as in Plot He 1. Thuja occidentailis had 13%, 
as against 2% in He 1. More cedar had survived 
cutting in Plot He 2 than in Plot He 1, and this 
mainly accounted for the lower percentage of hem- 
lock in He 2. Actually, cedar was an understory, 
and the canopy of one plot had as much hemlock as 
that of the other. 

There were a few large trees of Acer saccharum 
in Plot He 2. These may have been remnants of a 
previous hardwood forest, especially since they ap- 
peared to be very old, with gnarled trunks and many 
dead branches. Immediately beneath them were 
some small maples, although their density was con- 
siderably below the regeneration of hardwood stands. 
These oases of hardwoods probably will be eliminated 
by the encroaching hemlock. A single well-placed 
hemlock could wipe out a whole colony of young 
maples once the old maple in the middle died. 

As in Plot He 1, Abies balsamea, Picea glauca, 
and Picea mariana grow for a time in openings of 
the forest. The shallow root system of hemlock 
probably facilitates its blowing over, thus creating 
temporary openings. Until these openings are filled 
by other hemlocks, they are oases of trees and other 
plants not found under the canopy (Daubenmire 
1930). 

One hemlock which was 15 in. d.b.h. was about 
161 yrs old, while a smaller one which was only 13 
in. d.b.h. was about 231 yrs old. The smaller tree 
probably endured greater suppression than the 
larger. The top of the hemlock canopy was about 80 
ft above the ground, and the average crown-length 
about 50 ft. Contrasting with the slow-growing 
hemlocks, a pine of 22 in. d.b.h. was about 57 yrs 
old, and 95 ft high. A large tree of Picea glauca (18 
in. d.b.h.) in an opening was about 100 yrs old. 

Young trees, mostly of Abies balsamea, grew 
thickly under openings in the canopy (249/A). Of 
herbs and shrubs Cornus canadensis and Coptis tri- 
folia grew under the canopy; Rubus ideaus, Corylus 
cornuta, Gaultheria procumbens and _ Pteridium 
aquilinum grew in openings. Stumps and logs were 
similar to those of Plot He 1. 


PINUS BANKSIANA FOREST 

A pioneer forest of Pinus banksiana is mentioned 
by Brown & Curtis (1952) for northern Wisconsin, 
Gates (1926) for Michigan, and Kittredge (1934) 
for Minnesota. In Algonquin Park there are areas 
in the sandy country from Lake Traverse to Pem- 
broke where this species, rather than Betula—Popu- 
lus, forms the pioneer forest. 

P. banksiana forest near Lake Traverse was ex- 
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amined. It was several square miles in area, and 


the trees were 20 to 50 ft high. No other tree 
species appeared to be present. There was an abun- 
dance of P. banksiana regeneration of all sizes, and 
no young trees of any other species. 

The shrub stratum consisted of young P. bank- 
siana and Amelanchier sp. A low shrub-herb layer 
included Myrica asplenifolia, Vaccinium sp., Gaul- 
theria procumbens, Linnaea borealis, a grass, mosses, 
and Cladonia rangiferina. 

P. banksiana forest may appear after lumbering 
if some seed trees have not been cut. It also occurs 
after fire in an area where it has been growing. Al- 
though fire may kill the trees, its heat opens the cones 
and allows the seeds to germinate. 

Why Betula papyrifera and Populus tremuldides 
do not dominate these areas does not appear to have 
been adequately explained. Certainly Betula— 
Populus does form the pioneer forest in most of this 
sand country, as elsewhere. It may be that if there 
is a plentiful supply of P. banksiana cones present 
when fire occurs, the seeds that are released by the 
heat have a head start on seeds of birch and poplar 
that must blow in from surrounding areas, and the 
jack pine maintains its lead to the detriment of the 
shade-intolerant poplar and birch. Fernald (1919) 
states that P. banksiana is confined to acid soils, but 
as pointed out previously, Wilde (1954) discounts 
the importance of pH in plant growth. The P. 
banksiana forest is sueceeded by P. resinosa and P. 
strobus. 

DISCUSSION 
THE CLIMAX ForEST 

Hemlock forest is climax and succeeds the sub- 
climax hardwood forest which is mostly Acer sac- 
charum in Algonquin Park. No plots were laid out 
in hardwoods mixed with hemlock, but many such 
areas were examined. In the hardwood forest, hem- 
lock occurs characteristically in groves of a few large 
trees to 15 A or more (Fig. 4 & 5). Around the 
hemlock, Acer saccharum reproduces in characteristic 
abundance, but in the shade of the hemlock the maple 
regeneration is greatly reduced. Where several large, 
adjacent hemlock crowns form a closed canopy, there 
is usually no growth, maple or otherwise, on the 
needle-covered ground. Hemlock seedlings are an 
exception. These were found either in the deepest 
shade of the large hemlocks, at the edges of the groves 
where there was more light, or under a solid canopy 
of maple. As in Plots He 1 and He 2, small hem- 
locks were never abundant, but scattered individuals 
of sizes from large trees to seedlings could always 
be found. Hemlocks of 2 to 4 in. d.b.h. were com- 
monly found pushing right up into the dense crowns 
of maples or large hemlocks, without any indication 
that they would not continue to do so. The replace- 
ment of maple by hemlock is accomplished by a very 
slow spreading of new seedlings outward from large 
individuals and groves and a gradual elimination of 
the maples in its path. Lutz (1928) describes this 
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process clearly for southern New England, but does 
not recognize the obvious implication that pure 
hemlock, not hemlock—hardwoods, is climatic climax, 

Virtually all previous studies of hemlock are con- 
cerned with areas south of the Laurentian Shield. As 
part of the present investigation, examinations were 
made of hemlock stands on the north shore of Lake 
Ontario, which at its western end, is about 100 mi. 
south of the Shield, and the same process of succes- 
sion was found. Since centuries without interference 
are probably required for hemlock to eliminate maple 
over a large area, this probably accounts for the 
searcity of large pure stands of hemlock at the 
present time (ef. Spurr 1955). 

Gleason (1924), Stearns (1951), Brown & Curtis 
(1952), and others have observed that in a mixed 
forest there are many young hardwoods and relative- 
ly few hemlock saplings, and from this they conclude 
that the existing hemlock will be replaced by hard- 
woods. Their observation fits Algonquin Park con- 
ditions, but their conclusion can probably be re- 
jected for the Lake States as well as for Ontario. 
Students of forest succession have too often failed to 
recognize that an abundance of regeneration indicates 
nothing concerning the future of the forest unless the 
species concerned demonstrates an ability for its 
seedlings to grow to mature trees with crowns in the 
canopy of the forest concerned. 

Frothingham (1915a) states that “since it will 
endure a heavier shade than any of its associates, 
Tsuga finds little difficulty in establishing itself under 
them, even when their crowns form a fairly dense 
cover.” He notes that it can creep into stands of 
others species due to its shade tolerance. The seed- 
lings grow slowly in dense shade, but increase their 
rate of growth if an opening occurs. Hough (1936) 
states that it waits for the death of the hardwoods 
and then takes over the stand. 

Why are there so few hemlock seedlings and 
saplings? This question does not appear to have 
been answered adequately. Frothingham (1915a) 
states that the seedlings do best under the light shade 
of hardwoods, and in “deep, moist layers of mellow, 
decaying leaves and twigs,” and Brown & Curtis 
(1952) state that seedlings prefer rotten stumps and 
logs, but these are precisely the conditions where 
hemlock is invading virgin hardwoods, and yet the 
invasion is slow. Friesner & Potzger (1932) take 
the opposite point of view, stating that under hard- 
woods the cover of rotting leaves is too deep to allow 
hemlock seedlings to “become established” and that 
they become established “on steeper slopes where- 
ever there is sufficient moss or other floor covering 
to give them lodgement, and in other areas where 
forest litter is not too deep.” Hemlock grows in 
many places in Algonquin Park where the mineral 
soil is not covered with a deep layer of litter, and 
even over outcroppings of bedrock; it has not been 
found springing up plentifully in any of them. 
Frothingham (1915a), in a tabulation of the repro- 
ductive capacity of several trees, classifies this 


ForEst SUCCESSION IN ALGONQUIN PARK 209 


species as having a large amount of seed each year, 
a moderate amount of dispersal by wind, a moderate 
percentage of seed fertility, a very slow growth rate 
of seedlings, and a reproductive aggressiveness that is 
very low in the open and high in the forest. In 
spite of all these and other opinions the fact remains 
that it is usually very difficult to find an abundant 
supply of seedlings on any site. Dr. C. C. Heim- 
berger, of the Ontario Department of Lands and 
Forests, states (personal communication) that hem- 
lock is a very difficult tree to grow in the nursery. 
The fact that it appears to invade only hardwoods 
could be explained by the slow rate of its invasion. 
Perhaps it could also invade the other coniferous 
seral stages but by the time it has become a notice- 
able constituent of the forest, succession has pro- 
ceeded to the hardwoods stage. 

The dense shade caused by its many small needles 
may be the main way in which hemlock inhibits the 
erowth of other trees. Daubenmire (1931) suggests 
that it also absorbs water from the soil until the 
soil is too dry to support the seedlings of maple and 
beech. He found in Indiana that hemlock roots 
formed an almost impenetrable mat just under the 
surface of the duff. This completely covered the 
soil in denser stands, and might eliminate other 
species with different root habits, especially in the 
drier months. The high acidity of hemlock soils 
probably does not affect other trees adversely since 
pine soils are acidic and yet are invaded by hard- 
woods. Wilde (1954) states that when sufficient 
nutrients are present in soil, pH is of minor im- 
portance to plant growth. 

Concerning the future of the hemlock forest, the 
school of thought which considers it a relict of the 
past holds that it will be eliminated by the invasion 
of hardwoods. Heimberger (1934), describing stands 
in the Adirondack region, says that while the hemlock 
stand seems to inhibit the growth of other species, 
“the trees seem to gradually make the growth econ- 
ditions worse for themselves, and a rather crowded 
and slow-growing stand is the result of a prolonged 
undisturbed development.” He suggests that the 
forest is “stagnant.” This is probably a good con- 
ception of the future of an existing hemlock forest. 
It represents the climatic climax forest in Algonquin 
ark, probably in most of the rest of Southern 
Ontario as well, and possibly throughout the whole 
ecotone between the Northern Coniferous Forest and 
the Eastern Deciduous Forest. 


CURRENT SUCCESSION 

Two seres, a hydrosere on wet ground and a 
xerosere on upland may be distinguished in Algon- 
quin Park at the present time (Fig. 8). The 
hydrosere is probably a primary succession, repre- 
senting the encroachment of vegetation on streams 
and lakes that were formed following the retreat 
of the last Pleistocene glacier. The xerosere pre- 
sented here is really a secondary succession following 
fire or clear cutting. Whether it is also a primary 
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TABLE 11. Basal area of principal trees over 1.5 in. d.b.h. for stages in the hydrosere (percent). 
| Low Picea| Inter- | High P. |P. mariana| Bottom- Mixed Hard- | Tsuga 
Species mariana | mediate mariana | —Thuja |land forest upland woods 
IP. mariana forest | 
ee iat = caudal ere ere [ake hee Semin | = s = — — = = 
Picea mariana..... ee eS ie 87 | tCB 8 2 | 
Larix laricina 1 
Thuja occidentalis ; | 8 40 9 8 
Abies balsamea 1 6 6 56 15 
Betula lutea. 3 10 27 18 21 
Betula papyrifera 4 1 
Acer rubrum 6 10 } 
: | 
Picea glauca 9 ] ] 
Pinus strobus.. . 3 
Acer saccharum. . 39 65 3 
Fagus grandifolia 1 5 | 
Tsuga canadensis ] ] | 62 
Others . 2 4 8 | 
*(Data for important dominants in italic.) 
succession on rock outcrops cannot be determined In the xerosere, there is a progressive decrease of 
readily, since there are few areas that have never the pioneer trees—Populus tremuloides, Betula 
been burned. papyrifera, Acer rubrum (Table 12). Abies balsamea 
, and Picea spp. increase to a peak in the Abies—Picea 
i Pores P ~reaAg De — » aan » tte 
HYDROSERE ; XEROSERE forest, than decrease. i inus strobus reaches its peak 
in the virgin Pinus forest. Pinus resinosa and P. 
rae banksiana are abundant only in the immature P. 
strobus forest. (In some localities pure P. banksiana 
may form a pioneer forest.) Acer saccharum, Betula 
‘ ee lutea, and Fagus grandifolia have their peaks just 
. (Acer saccharum—Betula lutea) before the end of the sere; Tsuga canadensis and 
: Pact Thuja occidentalis are restricted to the end stages. 
Mixed upland forest The relatively large representation of non-specified 


(Acer saccharum—Betula lutea—Abies) 4 : é % 
trees in the Betula—Populus forest results from its 


a | large diversity of species. 


Bottomland forest The most abundant reproduction (tree species 














(Abies—Betula lutea) ' Abies—Picea glauca Pinus strobus 
/ under 2 in. d.b.h.) in the Picea mariana—Thuija stage 
Sn of the hydrosere was by Thuja occidentalis (Table 
13), an important co-dominant species. In _ the 

eee bottomland, mixed upland, and hardwood forests 
/ the leading dominant species had the most reproduc- 

Ais ; inestiins= andro Pinus tion, while in the Tsuga forest Abies balsamea re- 

; ee viiieni ee production was most abundant. In the xerosere 
(Table 14), the primary dominant species had the 

; highest reproduction in three stages: Abies—Picea, 

Fig. 8. Forest succession in Algonquin Park. Abies—Picea and hardwoods, and hardwoods. Species 


other than primary dominants had the highest re- 
production in 3 other stages: Betula—Populus and 
Abies—Picea, 70-ft Pinus, and Tsuga. In the Betula 
—Populus forest, Acer rubrum, an important domi- 
nant, had the greatest reproduction, while Acer 
saccharum, an unimportant dominant, was second. 
It is notable that the relative abundance of trees 
under 2 in. d.b.h. (Tables 13 & 14) tells little con- 
cerning the succession of dominants (Tables 11 & 


In the hydrosere, Picea mariana forest succeeds 
bog, and from then on there is a progressive change 
in the tree species compesition of the forest (Table 
11). The relative abundance of Picea mariana de- 
creases until, in the botte:mland forest, it is no longer 
a primary dominant. Lerix laricina is not abundant 
in Algonquin Park. Thuja reaches its greatest 
importance as a forest constituent in the Picea 
mariana—Thuja forest. Abies shows a progressive 
increase in relative abundance. Betula lutea is found 12). 
in the later stages of the sere. The figure for Corresponding with the succession of trees, there 
Betula papyrifera in Table eleven is probably not is a succession of shrubs. Ericaceous shrubs are 
representative, since this species may be found in the most abundant in the early stages of the hydrosere 
later stages. The appearance of upland species in the (Table 15). Alnus, Viburnum, Rubus, Corylus, 
final stage is represented by Acer rubrum and Picea and Salix are most abundant in the later stages. 
Shrub succession in the xerosere is shown in 








glauca. 
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TABLE 12. Basal area of principal trees over 1.5 in. d.b.h. for stages in the xerosere (percent). 
| Betula- Betula- Abies- 70-ft 200-ft Abies- Hard- Tsuga 
| Populus Populus Picea Pinus Pinsu Picea & woods 
Species and Abies- | Hard- 
Picea | woods 
Populus tremuloides. . oa 16* 16 5 
Betula papyrifera............| 35 31 1 2 
Acer rubrum. . . Pn cn laced 17 7 2 7 
Abies balsamea . l 18 68 16 4 
Picea glauca...... ] 9 13 ] 3 ] 
Picea mariana..... 8 14 
Pinus strobus..... 1 | 8 65 78 3 
Pinus resinosa..... | 24 
Pinus banksiana... 4 
Acer saccharum... 9 | | 30 65 ; 
Betula lutea. 3 | | 12 37 18 21 
Fagus grandifolia. s2ou4 | 5 
Tsuga canadensis............| 9 ] 62 
Thuja occidentalis....... . 8 
to 17 | 3 2 2 | 3 8 1 
[ i 
*(Data for important dominants in italic.) 
TABLE 13. Stems per acre of principal trees under of the hydrosere. Saracenia purpurea is recorded 


1.5 in. d.b.h. for stages in the hydrosere (percent). 





| Picea | Bottom | Mixed 
Species |mariana—| land | upland Hard Tsuga 
| Thuja | forest forest woods 
— | — | _ 
Picea mariana | Sad 11 19 
Thuja occidentalis. . . 56 | 
Abies balsamea 32 78 | 14 56 
Betula lutea. . 2 
Acer rubrum 1 i 9 
Picea glauca | 7 | 17 
Pinus strobus . . | 4 
Acer saccharum 73 | 85 | 
Fagus grandifolia | | 2 2 
Ts. ga canadensis. . | | | 2 
Others. | 4 11 
| | | | 
*(Data for important dominants in italics). 
Table 16, although a full explanation of the distribu- 


tion of the various species of shrubs and herbs is 
beyond the scope of this study. Corylus is very 
abundant in  Betula—Populus, Betula—Populus 
mixed with Abies—Picea, and Abies—Picea forest, 
where it grows most plentifully under the many 
Openings in the tree canopy. Yet it is also widely 
distributed in the stand of 70-ft Pinus, where there 
are no openings. Salix grows in dry situations only 
in early seral stages. Viburnum was 
found almost exclusively in mixed Betula—Populus 
and Abies—Picea stands. Vaccinium shows a pref- 
erence for the secondary forest of conifers. The 
presence of Alnus as noted in the table may be coin- 
water in parts of those plots. 





cassinoides 





cident with standing 


Myrica gale appears to be confined to the second 
growth Pinus forest. Rubus idaeus was recorded 


only under the Tsuga canopy, although it is also 
abundant in forest border. 

There is a suecession of herbs in 
Chiogenes hispidula is restricted to early stages of 
the hydrosere (Table 17). Sphagnum is found in all 
stages, and might almost be considered an indicator 


each sere. 


only in low and intermediate Picea mariana forests. 
This plant is commonly considered to grow in bogs, 
but this misconception may often result from a lack 
of distinction between bog and low Picea mariana 
forest. Coptis trifolia and Cornus canadensis oceur 
only in the later successional stages. 

In the xerosere (Table 18), Pteridium aquilinum 
is found in all stages except 200-ft Pinus, Abies 
Picea mixed with hardwoods, and hardwoods. Cornus 
canadensis occurs in almost every stage, but may 
Gaul- 





show some preference for coniferous forests. 
theria procumbens is most abundant in the early 
Coptis trifolia was not recorded 
Linnaea borealis was 


stages and in climax. 
in the deciduous forest plots. 
almost restricted to Pinus forests. 

In the ground there is a succession in the hydro- 
sere from high to less high ground-water level. In 
the wet bog, the water lies between the hillocks of 
vegetation. In the dry bog, the water surface is not 
visible, but it is not possible to walk there without 
frequently stepping through the vegetation mat into 
water. In the low Picea mariana forest, the ground 
is spongy and wet, but it is possible to walk on it 
without breaking through. In the intermediate Picea 
mariana forest, tree form a support for the 
overlying organic matter. In the high Picea mariana 
forest, and Picea mariana—Thuja, the trend econ- 
tinues, but the tree roots are still in standing water. 
In parts of the bottomland forest, the ground-water 
level has dropped below the large roots of trees. At 
the same time, the hydrosere is a succession along a 
gradient of increasing depth of humus, and _pre- 
sumably decreasing acidity. 


roots 


Ground succession in the xerosere is from mull 
in the pioneer forest if it is Betula—Populus, or mor 
if it Pinus banksiana, to mor in the coniferous 
second stage forest, to mull in the sub-climax forest, 





1S 


The ground covering in Acer 
Betula—Populus 


to mor in the climax. 
and 


1S 


forests 





rubrum—Betula 
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TABLE 14. Stems per acre of principal trees under 1.5 in. d.b.h. for stages in the xerosere (percent). 

















| | | 
| Betula- Betula- | Abies-Picea 
Species | Populus Populuz& | Abies-Picea | 70-ft Pinus | & Hard- | Hardwoods Tsuga 
| Abies-Picea | | woods | 
Populus tremuloides..... . | 6* 1 
Betula papyrifera..... | 13 3 | | 
Acer rubrum.............| 35 72 4 5 | 
Abies balsamea........... 1 | 11 56 | 54 10 | 56 
Picea glauca...... a, 1 | 1 7 19 1 17 
Picea mariana........... | 10 22 1 | | 19 
Pinus strobus... . on 1 1 25 | 4 
Pinus resinosa........... | 1 
Acer saccharum..........| 30 10 8&3 85 
Betula lutea...... ea, 0 2 
Fagus grandifolia....... 2 2 
Tsuga canadensis.........| 2 
WU ses cas cate 13 | l 1 1 11 


*Important dominants in italic. 


TABLE 15. Abundance of principal shrubs for stages in the hydrosere. 





| ‘ . . ‘ ° ° | 
Low Picea \Intermediate| High Picea |Piceamariana| Bottomland 





Species | Wet Bog | Dry Bog mariana |Piceamariana| mariana | - Thuja forest 
Myrica Gale............ XXX XXX 
Chamaedaphne calyculata. . XXX XXX XXX x 
Kalmia polifolia......... | XX XX XXX x 
Kalmia angustifolia...... .| x XX XXX x 
Ledum groenlandicum..... xXx XXX XXX XXX XXX 
See XX x XX XXX XXX XXX 
Viburnum cassinoides.... . XXX 
Rubus idaeus........... 
Corylus cornuta.......... x XXX 
oe ae alain cd x 
x present; xx abundant; xxx very abundant. 
TABLE 16. Frequency of principal shrubs for each stage in the xerosere. 
| Betula- | | Abies- | 
Species Betula- | Populus} Abies- | 70-ft | 120-ft | 200-ft | Picea | Hard- | Tsuga 
Populus |& Abies-| Picea | Pinus Pinus Pinus |&Hard- | woods | 
| | Picea | woods 
Se eo i, es an be eceecas ee eae ee 
ee | 100 | 100 85 59 x x 79 4 
Saliz sp....... EASE | 9 21 | 
Viburnum cassinoides................ } 5 21 x 
SE eee | x | 36 58 77 x Xx | 
Me I Det cond ce ea outs | > | 3 
SE ae eae eae | | XX 
Rubus idaeus....... ele eke er pe 64 
| 


x present; xx abundant (no numerical data) 


TABLE 17. Abundance of principal herbs for stages in the hydrosere: 





| | 
Low Picea |\Intermediate| High Picea |Picea mariana! Bottomland 








| 
Species | Wet Bog | Dry Bog | mariana |Piceamariana| mariana - Thuja forest 
Chiogenes hispidula....... Xx XX | x | 
Sphagnum sp............ XXX XXX XXX XXX XXX XXX x 
Saracenia purpurea....... XXX XX 
Cophis trifolia............ x x XXX aa 
Cornus canadensis........ | XXX XXX XXX XXX 


| | | 


x present; xx abundant; xxx very abundant; — not recorded but may be present (no numerical data) 
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TABLE 18. Frequency of principal herbs for each stage in the xerosere. 
| | | | | 
| | Betula- | | i ca _ | Abies- 
Species Betula- | Populus | Abies- 70-ft 120-ft | 2C0-ft | Picea Hard- | Tsuga 
| Populus |\& Abies-| Picea | Pinus Pinus Pinus |& Hard-| woods | 
Picea | woods 
J | | cite ane 8 ee Ee ED Sere eee Coote 
Pteridium aquilinum............... 62 100 | 64 100 x 12 
Cornus canadensis............... 60 100 |= 97 x x 15 x 90 
Gaultheria procumbens. . . 58 | 36 | XX 14 
ee I ea a — | 36 79 XX ‘ — 52 
a er x XXX XX 
x present; xx abundant; xxx very abundant; — not recorded but may be present (no numerical data) 
leaves of deciduous trees entangled in bushes of Vac- probably do not have a much colder microclimate 


In the Abies—Picea forest, the 
ground is needle-covered. Under dense canopy the 
layer of needles is especially deep and compact, and 
Under openings in the canopy 
Cornus canadensis is abundant. The ground in the 
Pinus strobus forest is covered with a compact layer 
of needles. Under hardwoods the ground litter is a 
relatively loose mat of Acer leaves. Under Tsuga 
the ground is covered with a compact mat of needles 
and there are few plants. Actually there 
are few small plants in any of these forest types 
if the tree canopy is dense overhead. The greatest 
variety and abundance of herbs is found where there 


cinium and Corylus. 


no plants grow there. 


small 


is most light. 

Mayeock (1956) stand of Picea 
Pinus on the North Madawaska River, but the vegeta- 
tion of this particular area is highly atypical of 
Algonquin Park. Picea and Pinus are very rarely 
important constituents of the canopy of the same 
stand. 

In connection with this study, observations have 
also been made through both Southern and Northern 
Ontario. It is clear that, as far as the xerosere is 
concerned, the forest successional pattern of Al- 
ark holds essentially true in all parts of 
of the province within the ecotone or Transition 
Forest. There are some variations from one area to 
another, especially when latitude is changed, but these 
variations are usually in secondary species, not in 
There is also a tendency 
for the second stage forest of Abies—Picea to dis- 
appear and forests of Pinus strobus to become more 
extensive in the southern part of the ecotone. In 
a journey by car south of Lake Superior there was 
considerable evidence in Upper Michigan, northern 
Wisconsin, and northern Minnesota of the same 
xerosere. The upland forest succession of Algonquin 
Park is characteristic of what Weaver & Clements 
(1929) called the lake forest, and was also found 
eastward to Nova Seotia. 

It is noteworthy that the vegetation is essentially 
the same on all exposures. Most hills are less than 
500 ft high, and it may be that this is not high enough 
to demonstrate exposure selection by tree species. 
It is also true that at this latitude deep snow lingers 
on the ground until the end of March, then it melts 
‘apidly from all slopes at once, so that north slopes 





deseribes a 


gonquin 


the primary dominants. 


than south slopes. 

All evidence that could be obtained in Algonquin 
Park points to one climatic climax, the Tsuga forest 
with its understory of Thuja. Whittaker (1953) 
that “the relation between the single ideal 
climax and the actual diversity of stands is abstract 
and arbitrary, and in fact somewhat remote.” He 
ciz. elimax 


states 


proposes a “climax pattern hypothesis,” 
is a pattern of different communities with variable 
composition, depending on local factors, but with 
an overall characteristic dependent on climate. How- 
well the climax pattern hypothesis may fit 
other parts of North America, it does not fit Algon- 
quin Park. It is true that there is a diversity of 
forest communities with different species present in 


ever 


various proportions, and many of these mixed stands 
appear to be regenerating well enough to ensure their 
But it is also true that 
Tsuga is slowly but surely appearing in these stands, 


continuance for a long time. 


and no other trees than Tsuga and an understory of 
Thuja surviving beneath the Tsuga 
Consequently there is a monoclimax of 


are crowns. 
Tsuga, pure 
as far as the canopy is concerned. 
TIME SCALE 
The time required for one plant community to 
replace another is long in a primary succession be- 
cause succession depends upon change in the physical 
environment. In a secondary succession, where the 
area in question has been temporarily denuded by 
factor fire, the time 
quired for succession is relatively short because a 


some extraneous such as re- 
favorable soil habitat is already present. 

Gates (1942) 
ing the time required for certain hydroseral stages 


to replace others in Michigan, but it is apparent 


makes some suggestions concern- 


in Algonquin Park that succession in the hydrosere 
is primarily dependent on a drop in the ground- 
water level, and this often depends of such things 
as construction or destruction of beaver dams, and 
changes in course of meandering rivers. 

In the xerosere it is possible to construct a time 
seale (Fig. 9). 
Betula and are 
probably the leading dominants for 50-75 yrs after 
a fire. No age studies were made of Pinus banksiana 
stands, but Kittredge (1934) estimates that in Min- 


From analysis of growth ring counts, 


papyrifera Populus tremuloides 
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nesota the pioneer P. banksiana forest is dominant 
for 100 yrs. Following the Betula—Populus forest, 
Abies balsamea and Picea glauca may be the leading 
dominants for another 25 yrs. This accounts for the 
first century after fire. If the second stage forest 
is Pinus strobus instead of Abies—Picea, Pinus stro- 
bus may be the primary dominant until 300 yrs after 
fire, which is roughly the life span of one genera- 
tion of healthy trees. 
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Fig. 9. Time seale in the xerosere. 


Following the coniferous second stage forest, the 
third stage forest or subclimax of Acer is dominant 
until it is replaced by Tsuga. Observations near 
Lake Ontario suggest that Tsuga may begin to ap- 
pear in hardwood stands soon after hardwoods be- 
come dominant. The problem at this point is to 
estimate how long it would take for the forest in 
general to become essentially pure Tsuga. 

Near the Crow River in Algonquin Park there 
is a stand of virgin Pinus strobus with an understory 
of hardwoods. In 1941 Mayall (in Hosie 1953) 
reported that these pines were about 350 yrs old. 
On the north shore of Tea Lake in the area that 
includes Plot BS-H, the density of pine stumps indi- 
cates that, prior to lumbering about 50 yrs ago, 
the forest on Tea Lake was also virgin pine with an 
understory of hardwoods. It is probable that the 
pine that was cut on Tea Lake was of. the same 
generation as that of the area that the lumbermen 
missed on the Crow River. Therefore, to the nearest 
half-century the Tea Lake trees were about 300 
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yrs old. A virgin tree of Betula lutea (Table 5, 
Tree 4) on Tea Lake was about 250 yrs old, and 
2 virgin trees of Acer saccharum (Table 6, Stumps 
3 & 4) had about 185 and 150 growth rings respec- 
tively. These maples were about 12 in. d.b.h. below 
the largest maple present, and it is probable that 
the oldest hardwoods in the area are about the same 
age as the 250-yr-old yellow birch tree. 

These old hardwoods must represent the first 
invasion of a previously pure pine forest, a stand 
that had become mixed with hardwoods by the 
time the lumbermen arrived about 1900. The con- 
cept that the forest would have been mixed pine 
and hardwoods for many centuries is not acceptable, 
since P. strobus does not regenerate under hardwoods. 
The forest as it existed at Tea Lake just before the 
lumbermen came, and as it exists on the Crow River 
now, was and is a P. strobus stand being succeeded 
by hardwoods. 

To summarize, the last generation of virgin P. 
strobus on Tea Lake was initiated about 1600. 
(Hough & Forbes 1943, believe that in Pennsylvania 
stands of this species originated in the mid-17th 
century as a result of fires.) About 1700, hardwood 
seedlings began to grow in the stand, and by 1800 
there would have been some large hardwood trees 
under the pine. The pine would have gradually 
decreased as individuals died, until by 1900 its density 
was about 11/A as indicated by the present density 
of pine stumps in the area. 

The important point in connection with hemlock 
is that hardwood seedlings were probably becoming 
established in this area between 1700 and 1800, and 
between 1800 and 1900 an extensive lower canopy of 
hardwoods was being formed. Since hemlock was 
found to follow hardwoods but not precede it, the 
first widely-distributed hemlock could have entered 
the area shortly after 1700 at the very earliest. 
The Department of Lands and Forests (unpublished 
data) found the ages in 1953 of a few of the largest 
trees of Tsuga near Tea Lake to be as follows: 


d.b.h. Growth Rings 
18.5 inches 215 
23.4 208 
234 216 
21.5 234 
25.8 230 
29.8 212 


These trees were initiated between about 1719 and 
1745. They are probably part of the first genera- 
tion of scattered hemlock, which must have started 
even while the succession of pine by hardwoods was 
not far advanced. The trees listed above are mostly 
under 2 ft d.b.. although well over 200 yrs old. 
Mention has been made of Marshall’s (1927) tree that 
took 108 years to grow to 3 in. d.b.h. under suppres- 
sion, then only 80 yrs to grow to 20 in. after release. 

Broadly speaking, Tsuga probably entered the 
Tea Lake area in the mid-18th century. To date, its 
invasion has lasted about 200 yrs, and judging from 
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Fig. 4 and 5, it is about one quarter complete. That 
is, the succession of the hardwood forest by the 
Tsuga climax forest may take about 800 yrs. 


PALAEOSUCCESSION 

There is evidence of a forest succession following 
the last Pleistocene glacier. By analyzing pollen 
deposited at various levels in bogs, Sears (1932, 1935, 
1941, 1948), Deevey (1939, 1943), Potzger & Tharp 
(1943), Potzger (1944, 1953) and others have con- 
cluded that deglaciation in the northeastern United 
States was followed by a cool, dry period of spruce 
and fir, followed in turn by a xerothermic period 
when the climate was warmer and drier. During the 
xerothermie period many western plants moved east 
and the prairie of the midwestern United States 
greatly expanded. In the forested areas, pine re- 
placed fir and spruce. The climate then became 
moister, and deciduous species of hemlock reached a 
maximum. Since then the climate has been cooler 
(Deevey 1939) and there has been an increase of fir 
and spruce. 

In Algonquin Park, the receding ice sheet would 
have melted later than in the northern United States. 
Potzger (1953) believes that in Quebec, at roughly 
the same latitude as Algonquin Park, the ice melted 
so late there was only a meager representation of the 
early fir and spruce stage. “Prominence of pine in 
the pioneer forest and early invasion by broadleaved 
genera suggests a moderated pine climate at the 
time lower Quebec was opened to forest invasion.” 

A diagram (Fig. 8) based on field studies has 
been made showing primary succession on wet ground 
(hydrosere) and secondary succession on uplands 
(xerosere). Based on the work of the pollen analysts 
it is now possible to list the consecutive forest stages 
of climatic succession (clisere) on uplands: 

a. Abies—Picea 
b. Pinus (mostly P. strobus) 
e. Tsuga (with hardwoods subclimax) 


Climatic succession on uplands is a succession of cli- 
matic climaxes, and leading up to each of these 
climaxes there may have been different primary and 
secondary successions. 

Potzger (1953) suggests that the principal forest 
trees of eastern Canada lived during the last glacier 
in a refugium in southern New Jersey, just south 
of the ice sheet. As the ice receded, spruce and fir 
then spread again northward. Pine probably fol- 
lowed spruce and fir northward and constituted the 
climax in the glaciated area during the xerothermic 
period. Pine was followed by hardwoods and hemlock 
as the climate became more moist. Potzger (1953) 
states that pine maintained itself on sandy soil, but 
on better soils it was replaced by hardwoods— 
hemlock. He further states that pine was probably 
declining in recent times, even before lumbering, 
due to the adverse effect of changing climate on 
regeneration. This implies that the pine period lasted 
until a relatively short time before it was lumbered 
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extensively. The period of lumbering of P. strobus 
in the lake forest was from 100 yrs ago to about 50 
yrs ago, whereas the deciduous forest is considered 
by Fuller (1939) to have been dominant in Illinois 
for the last three quarters of the post-glacial period, 
i.e. for about 10,000 yrs. Some of this confusion 
undoubtedly stems from the fact that while pine may 
have been climax during the warm, dry climatic 
period, it could also have been present over large 
areas at any time since then as a stage in secondary 
succession following fires. The present tendency for 
Abies—Picea instead of Pinus strobus to replace 
Betula—Populus in Algonquin Park may be due to 
cooler, moister climate. 

Hardwoods and hemlock probably followed the 
pine northward. Sears (1948) states that the earli- 
est deposits in bogs in the Algonquin Park region 
showed deciduous pollen at the lowest levels. This 
may indicate there was a milder period at the time 
this area was deglaciated. To the north and south 
deglaciation was in colder periods. If Algonquin 
Park was deglaciated later than surrounding areas, 
it could have been due to its relatively high altitude. 
The relationship between hardwoods and hemlock 
is not made clear by the pollen analysts; it is im- 





plied that the two forests have occurred as a mixture. 
Whether hemlock has been simply a part of the hard- 
wood forest in the past, or whether it has always 
been climax to hardwoods, as it is today, is a question. 
Potzger (1953) states that deteriorating (cooler and 
moister) climate is leading to the extinction of hem- 
lock as well as pine. The present role of hemlock 
has not been correctly interpreted by many students 
of modern ecology, and it presents an especially 
difficult problem to the palaeoecologist. 


FutTurE SUCCESSION 

The forest as a whole appears to be moving to- 
ward pure hemlock. On mesic uplands it is moving 
Whether 
large solid stands of hemlock ever occur depends 
upon freedom from disturbance. Fire may auto- 
matically postpone establishment of pure hemlock 
for 1100 yrs. Cutting of hardwood forests and the 
hemlock in them will probably prevent the realiza- 
tion of extensive hemlock stands. Due to its slow 
regeneration it may actually approach extinction if 
it continues to be cut with the hardwoods. If a 
management practice were adopted of leaving the 
hemlock when the hardwoods are cut, this species 
would probably develop pure forests with some 
rapidity. 


more rapidly than on more xeric sites. 


CONTINUUM AND COMMUNITIES 

The forest follows certain trends of succession 
which seem to be guided by characteristics of the 
trees themselves, by properties of the environment, 
and by the interaction of both. They are no more 
than trends, however, and they are often discernible 
only over large tracts of land and over long periods 
of time. They are confused by localized variations 
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in environment such as small, wet areas, clearings 
caused by blow-downs, thinning caused by insects, 
and many other factors. They are interrupted in 
localized patehes of various sizes by small fires, or by 
beaver cuttings. The lack of uniformity in the 
forest’s composition as it proceeds along the over- 
all course of succession is so great that on the one 
hand there are some areas where the vegetation may 
not be changing at all; in these places the forest may 
remain unchanged indefinitely for some local reason 
such as the inability of soil to develop on steep slopes. 
At the other extreme, in some areas the forest 
stages succeed one another in a regular way accord- 
ing to the theoretical pattern. Because there is such 
diversity, it seems unfruitful to debate whether forest 
succession is a continuum (Curtis & McIntosh 1951) 
or a series of distinct communities (Weaver & 
Clements 1938). In some circumstances it is a con- 
tinuum; in others it is a series of communities; in 
others it is a continuum at one period and distinct 
communities at another. In by far the most cases, 
there are elements of both concepts in varying pro- 
portions. 

Nevertheless, an over-all pattern of succession 
is discernible. 


CONCLUSIONS 

Pure hemlock (Tsuga canadensis) is the upland 
climatic climax forest in Algonquin Park, Ontario, 
and probably is so throughout the rest of the ecotone 
between the Boreal Forest and the Eastern Deciduous 
Forest of North America. It is so because it even- 
tually invades virtually all upland sites and because 
only its own regeneration can survive to maturity in 
its shade and attain the canopy. 

The conquest of the forest by hemlock is relatively 
slow because it generally does not appear until late 
in succession and because its regeneration in the 
ecotone is sparse. It usually becomes prominent in 
hardwood forests of sugar maple (Acer saccharum) 
in Algonquin Park, or maple-beech (Acer—Fagus) 
further south. In hardwood forests the meager 
regeneration of hemlock compared with the abundant 
growth of young maple masks the trend of succession. 
The young hemlocks push up into the canopy regard- 
less of the tree-crowns above them, and the young 
maples and beech beneath them do not survive. 

Following fire on upland, seral stages of second- 
ary succession take over dominance of the forest 
in order of growth-rate, with fastest-growing species 
appearing first. Coincidently these stages are also 
arranged in order of shade tolerance, with the final 
position occupied by the most tolerant species. From 
growth rings and historical data it is possible to 
determine the length of time each stage is dominant, 
and it was found that bireh—poplar is dominant for 
the first 50 yrs, or alternately jack pine for the first 
100 yrs; balsam—spruce is dominant for the next 
25 yrs, or alternately white pine for about 300 yrs; 
sugar maple is dominant for about 800 yrs, and 
climax hemlock then takes over dominance indefinite- 
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ly, providing the forest remains undisturbed. Due to 
this relatively slow increase of hemlock, the species 
is threatened with complete elimination in forest 
areas where it is lumbered with hardwoods. 

On bottomland, primary succession accompanies 
lowering of ground-water level and moves through 
stages of bog, black spruce, black spruce—white 
cedar, and balsam fir—alder. 

Pollen analyses have shown primary succession 
on uplands to move through stages of balsam— 
spruce, white pine, and hemlock—hardwoods, but 
the time relationship between hemlock and _hard- 
woods has not been made clear. 

The truest interpretation of forest succession in- 
cludes both distinct community and continuum con- 
cepts. 


SUMMARY 

An hypothesis of forest succession in Algonquin 
Park was made based on the critical observation of 
large expanses of forest, usually from such vantage 
points as hilltops. This hypothesis was then tested 
by establishing study plots in the major forest types 
and ecotones. 

Each plot was about 25 acres and usually square. 
Grid lines were laid out at 100-ft intervals, and using 
these lines the vegetation was sampled on about 5% 
of the total area of each plot. Trees of all sizes 
were counted and their diameter measured, and the 
frequence of the most abundant shrubs and _ herbs 
determined. 

Although there was often great diversity in the 
tree species composition of forests, there was a 
general pattern of forest succession. There was a 
hydrosere on wet ground and a xerosere on uplands. 

In the hydrosere, primary succession following 
Pleistocene glaciation was from bog to Picea mariana 
forest, to P. mariana—Thuja occidentalis forest, to 
bottomland forest (Abies balsamea—Alnus). 

In the xerosere, climatic succession, according to 
pollen analysis, was from Abies balsamea—Picea 
glauca forest to Pinus strobus, to hardwoods (Acer 
saccharum and Betula lutea) and Tsuga canadensis. 
Secondary succession, following cutting and fire in 
the xerosere, was from a pioneer forest of either 
Betula papyrifera—Populus tremuloides or Pinus 
banksiana, to a forest of either Abies—Picea or 
Pinus strobus, to a subclimax of hardwoods, to a 
climax of Tsuga. 

Tsuga invaded stands of Acer saccharum.  Al- 
though its seedlings were relatively few, these grew 
successfully in the shade of both Acer saccharum 
and parent trees of Tsuga. Seedlings of Acer sac- 
charum survived under parent trees of Acer, but not 
under the crowns of Tsuga. 

Corresponding with the succession of trees, there 
was a succession of shrubs and herbs. The ground 
changed with the forest cover, being mull in de- 
ciduous forests and mor in coniferous. 

The vegetation on slopes did not vary noticeably 
from one exposure to another. 
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The time required for one community to replace 
another may be long in the hydrosere because pri- 
mary succession depends upon change in the physical 
environment. In the xerosere the time is relatively 
short for secondary succession because a favorable 
soil habitat is already present. The pioneer de- 
ciduous forest may be dominant for 50-75 yrs 
after a fire; the pioneer coniferous forest may be 
dominant for 100 yrs after fire. Following the 
pioneer deciduous forest, Abies balsamea and Picea 
glauca may be the leading dominants for 25 yrs, or 
if the coniferous second stage forest is Pinus strobus, 
this species may be the primary dominant until 300 
yrs after fire. The subclimax forest of Acer sac- 
charum is then dominant until it is replaced by 
Tsuga canadensis. This replacement may be com- 
pleted by about 1100 yrs after fire if the forest is 
undisturbed. 

The most important factor in succession on wet 
ground may be lowering of the ground-water level 
and build-up of organic soil. In the xerosere, cli- 
matie succession is influenced most by changes of 
climate, and shade tolerance of tree species. Second- 
ary succession in the xerosere may result from 
the operation of seed source, soil properties, species 
growth rate, and shade tolerance. 

Due to its slow regeneration, T'suga canadensis 
may approach extinction if it continues to be cut 
with hardwoods. 

Forest succession includes both community and 
continuum concepts. 
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INTRODUCTION 


Many coasts of the earth are indented by numer- 
ous relatively small bodies of sea water known as 
salt-water ponds. These arms of the sea are 
characterized by a wide diversity of physical forms, 
salinity ranges, circulation patterns, exchange ratios, 
sediment types, fauna, and flora. Inlets to them 
vary from relatively stable ones to transient breaks 
cut by storms. An appealing characteristic of these 
bodies of water is their potential utilization by man. 

Interest in the use of salt-water ponds stems from 
a number of realized as well as potential advantages 
over larger bodies of sea water (Bouchon-Brandely 
1882, Carriker 1956, Gaarder & Spiarck 1932, Kor- 
ringa & Postma 1957, Loosanoff 1956, Turner 1951, 
1953a, 1953b): (1) protection from excessive wave 
action and strong tidal currents; (2) access to the 
bottom in most ponds for treatment, planting, har- 
vesting, and management; (3) ease of construction 
and maintenance within the pond of barriers to 
enemies; (4) possibility of erection of gates or other 
barriers across the inlet to modify tidal exchange 
rates, impound water temporarily, or control inflow 
by means of a pumping system, in order to: (a) 
retain desirable plankters, (b) fertilize pond waters, 
(ec) control enemies; (5) ease of guarding against 
theft. 

The possible use of salt-water ponds for propa- 
gation of marine organisms has stimulated a variety 
attempts. Cultivation of milkfish 
in salt-water ponds in the Orient has been prac- 
ticed profitably for at least the last five centuries 
(Fry 1947, Schuster 1949). In South Carolina, 
United States, Lunz (1951, 1956b) has produced 
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large crops of fish and crustacea in a small experi- 
mental pond. Rayment (1947b) and his associates 
have clearly demonstrated an increase in productivity 
of natural salf-water ponds in Scotland by addition 
of nutrients. Claires in France (Dean 1892, 1893) 
and oyster pools in Norway (Spiarck personal com- 
munication) have been used commercially in oyster 
culture for many years. Korringa & Postma (1957) 
describe ponds in the vicinity of Naples which are 
used extensively for the commercial cultivation of 
mussels. Although not all attempts have been suc- 
cessful (Evermann 1904, Lindsay 1947-1953, Lunz 
1956a, J. Nelson 1889-1893, and others), salt-water 
pond culture may be characterized as an established 
commercial process for the cultivation at least of 
milkfish in the Orient and of oysters and mussels in 
Europe. 

Failures in pond culture may have resulted from 
any one or all of the many difficulties which com- 
plicate development of salt-water pond culture: A 
substantial, but unknown, rate of exchange of pond 
water with outside sea water is important for main- 
tenance of optimum growing conditions (Korringa 
& Postma 1957), but occasional control of flow into 
some ponds is necessitated by the nearly complete 
exchange which results in loss of larvae to the outside 
before setting may occur (Ayers 1956). Such ex- 
change also dilutes nutrients which may seep into 
or oceur within the pond or which may be added 
artificially (Nutman 1950), and removes planktonic 
food organisms (Barlow 1955, Turner 1951). In 
shallow ponds characterized by estuarial conditions, 
flushing of larvae may be accelerated (Ayers 1956, 
Ketchum 1951, 1954, Rogers 1940). In larger 
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estuaries net inflowing bottom currents may retain 
estuarine larvae which, in older stages, stay mainly 
within the bottom layer of water (Carriker 195la, 
Bousfield 1955a, 1955b, Manning & Whaley 1954, 
Pritchard 1952, T. Nelson & Perkins 1931). Ponds 
possessing small or nonexistent inlets may retain 
larvae but at the expense of mortalities resulting 
from insufficient or inadequate food, undue dilution 
from rainfall, runoff, and a high water table, or 
stagnation of deeper water resulting in release of 
hydrogen sulfide (Andelis 1949, Deevey 1948, Gaar- 
der & Spiirck 1932, Lindsay 1947-1953). It is still 
impossible to accelerate the growth of appropriate 
planktonic food organisms to the exclusion of un- 
desirable forms in either partially or completely 
enclosed salt-water ponds (Evermann 1904, Korringa 
1948, Loosanoff 1956, Ryther 1954, Turner 1951). 
Finally, control and/or exclusion of predators and 
disease remains largely an unsolved problem. 

Use of salt-water ponds for the culture of 
bivalves, mainly oysters and clams, has involved 
principally retention of adults for growth and fat- 
tening. Culture of larvae and juveniles in them 
has been undertaken only by a few. Examination 
of published results of these efforts, and especially 
of those to culture larvae in ponds, indicates that 
considerably more fundamental knowledge must be 
obtained before culture of bivalves in ponds becomes 
a reliable, predictable Important areas 
which require further investigation may be listed 
briefly: (1) details of gross functional morphology, 
behavior, food needs, and other ecological require- 
ments particularly of veligers and postsetting stages 
of bivalves to be cultivated; (2) coactions of these 
species with enemies, and appropriate control of 
enemies and disease; (3) seasonal physical and 
chemical characteristics of these ponds, particularly 
circulation, salinity, temperature, inorganic and pos- 
sibly organic nutrients in the water, nature of sedi- 
ments with especial reference to nutrients, and cyclic 
movements, if any, of nutrients between sediments 
and overlying water; (4) seasonal primary and early 
secondary productivity of pond waters and_ sedi- 
ments and utilization of these foods by various stages 
of the bivalves in question; (5) increase of produc- 
tivity in ponds by artificial fertilization, especially 
controlled production of food organisms beneficial to 
various stages of bivalves being propagated; and (6) 
possible role of artificial regulation of exchange, cir- 
culation, and salinity, among many factors, in dis- 
couraging undesirable species and improving condi- 
tions for desirable species in ponds. 

In an effort to contribute to the physical and 
biological knowledge of salt-water ponds as a basis 
for pond culture of oysters (Crassostrea virginica 
Gmelin) and Venus (hard clam, little-neck clam, 
quahog, quahaug, quohaug, Mercenaria mercenaria 
Linne; Wells 1957), the author undertook a prelimi- 
nary three-year ecological investigation of Home 
Poud, Gardiners Island (Gelb & Gelb 1952), Long 
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Island, New York (Fig. 1). The present paper re- 
ports a portion of this research. A study of the 
characteristics and dynamics of the pond as a biotie 
unit under relatively undisturbed conditions was 
emphasized. The inlet was not altered, the pond 
water was not fertilized, and no harvesting of pond 
organisms of any consequence was permitted. Physi- 
cal studies involved investigation of the morphometry, 
tides, currents, circulation, exchange, rainfall, salini- 
ty, temperature, light penetration, pH, and sediments 
within the pond, and to a less extent of areas outside 
the pond. Biological studies included such features 
of the pond as distribution and abundance of native 
organisms; condition, growth rate and survival rate, 
especially of younger Venus and oysters; spawning, 
larval movements, and setting of Venus and oysters; 
distribution and abundance of Venus and oyster 
predators, and something of their behavior, preda- 
tion, and control. 
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Fig. 1. Chart of the eastern end of Long Island, 
New York, showing the position of Gardiners Island 
with respect to Long Island Sound, Block Island Sound, 
and the Atlantic Ocean (Redrawn in part from Tidal 
Current Charts, Long Island Sound and Block Island 
Sound, U. S. Coast and Geodetie Survey). 


Home Pond was selected for study because of the 
excellent condition of substantial native populations 
of oysters and Venus growing in it, its characteristi- 
cally unpolluted clear water and relative isolation 
and freedom from natural or man-made disturbances, 
the accessibility and workability of the pond, and the 
presence on the eastern shore of the pond of a small 
but functional field laboratory (Fig. 4) equipped 
with running sea water. The sea water system con- 
sisted of a hard rubber pump, lead and hard rubber 
pipes, and a wooden reservoir. The laboratory was 
constructed and partly equipped by Mr. John Cole 
for Mr. M. C. Gale with the technical advice of Dr. 
V. L. Loosanoff. Considerable additional supplies 
and equipment were provided by the sponsors for 
this investigation. In addition J. & J. W. Elsworth 
Company oyster boats and crew cooperated gener- 
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ously in research in both the pond and in Gardiners 
Bay. The New Jersey Oyster Research Laboratory 
kindly loaned the project a portable tide gauge which 
was installed at the eastern end of Home Pond 
(Fig. +). The author and assistants lived on Gar- 
diners Island throughout the three summers of the 
investigation, 1953-1955. The J. & J. W. Elsworth 
Company installed a field radio-telephone by means 
of which communication was maintained with col- 
laborators on Long Island and in Connecticut. 

Gardiners Island, since its colonization about 1640 
by the Gardiner family, has been maintained as a 
private estate and game preserve. Thus with the ex- 
ception of some harvesting of commercial species, 
Home Pond has remained relatively undisturbed and 
offered us a unique outdoor laboratory characterized 
by an abundance of native organisms. 

I wish to express my thanks especially to Mr. J. 
Richards Nelson, President of the J. & J. W. Elsworth 
Company; Mr. M. C. Gale, owner of the Monarch 
Buick Company, Ine., and leaser of Gardiners Island 
during the period covered by this research; and Dr. 
V. L. Loosanoff, Director of the U. S. Fish and Wild- 
life Service Biological Laboratory, Milford, Con- 
necticut, for their support, unusual cooperation, and 
numerous courtesies. The J. & J. W. Elsworth Com- 
pany and the Monarch Buick Company jointly spon- 
sored the first two years, and the Monarch Buick 
Company and the U. S. Fish and Wildlife Service, 
the third year of the investigation. _Mr. Nelson and 
Dr. Loosanoff and his staff contributed generously 
to the planning of the Home Pond studies. Thanks 
are due also to Mr. C. Woolley, Captain R. Decker, 
and the Elsworth boat crews, Mr. E. Mulhall, Captain 
J. Sweeting, Mr. C. Raynor, Mr. M. A. D’Eon, and 
Mr. E. Keto, without whose friendly help the work 
on isolated Gardiners Island would not have been 
possible. The welcome counsel of Dr. T. C. Nelson 
and Mr. H. N. Gibbs was much appreciated. Very 
special thanks are extended to Mr. R. N. Nelson who 
assisted the author the first two summers and part of 
the third, and to Mr. George Sellmer who gave 
valuable assistance during portions of the second and 
third summer. Finally, grateful acknowledgment is 
made to the following for reading the manuscript of 
this paper and offering valuable suggestions: J. W. 
Blake, A. F. Chestnut, F. C. Evans, J. B. Glude, 
R. L. Ingram, V. L. Loosanoff, G. R. Lunz, J. R. 
Nelson, P. R. Nelson, T. C. Nelson, G. S. Posner, 
G. M. Staples, G. P. Sellmer, D. H. Wallace. 


HISTORICAL REVIEW 

A considerable literature is available on the use of 
salt-water ponds for holding and fattening bivalves: 
early reviews of Dean (1892, 1893), the exhaustive 
coverage by Baughman (1947), the recent reviews by 
Turner (1953b) and Mortimer & Hickling (1954), 
and papers by Vass (1953) and by Lunz (1956a). 
Rearing larval and young bivalves in salt-water 
ponds, important as it is from the standpoint of 
bivalve salt-water pond management, is represented 
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in the literature only by a few papers. These reports, 
nonetheless, are very valuable in suggesting profitable 
avenues for future research and management. 

Bouchon-Brandely (1882) first successfully reared 
larvae of the Portugese oyster (Crassostrea angulata) 
from artificially fertilized eggs in intertidal claires 
fed by sand-filtered sea water. Spat when trans- 
ferred to tidal claires grew like those obtained on 
collectors from natural beds. He _ subsequently 
obtained similar success in large salt-marsh ponds 
closed from the open water by gates. 

The following summer in salt marshes in Chin- 
eoteague Bay, Maryland, Ryder (1883, 1884) ex- 
cavated a claire connected to the bay by a trench 
blocked by a sand filter which permitted some ex- 
change of sea water. He placed artificially fertilized 
early larvae of the American oyster (Crassostrea 
virginicia) in the claire and some weeks later found 
spat up to three-quarter inch in diameter. 

One of the most successful experiments ever re- 
ported in the use of a salt-water pond for rearing 
bivalve larvae, and the first in which larvae originated 
naturally from parents in the pond, is deseribed in 
detail by Dean (1892). Lake Breneguy in France, 
about 100 acres in extent, was converted into a pond 
with flood gates and banks constructed upon a salt 
marsh with clayey bottom. During the winter the 
pond was drained and the bottom allowed to dry 
thoroughly; muddy parts were roughly macadamized 
with clay and gravel. During the middle of April 
water was gradually admitted. A week later Portu- 
gese oysters were scattered in deeper parts of the 
pond, about 40 to the square yard, to furnish spawn. 
Flood gates were left open permitting tidal exchange 
until the first appearance of oyster larvae in the 
middle of May. Flood gates were then closed and 
seed collectors were set in place. Up to the first of 
September no water, and consequently no oyster 
larvae, were allowed to escape. Loss from evapora- 
tion was counterbalanced by several small springs in 
the pond. Temperature of the water gradually 
increased to about 4° C above that of waters outside. 
Because of absence of strong currents in the pond 
a minimum of sedimentation occurred. Adequate 
aeration obtained from wind action the 
shallow water. A dense set of oysters was obtained 
over the entire bottom, each tile collector showing an 
average of about 400 spat. 

Study of the culture of oysters (Ostrea edulis) 
in natural ponds (Austern-Pollen) on the western 
coast of Norway has gone on for many years (Gaar- 
der & Sparck 1932, Gaarder 1932, Gaarder & Al- 
vsaker 1941). The unique ecological conditions which 
result when these pools are closed from the open 
water in the summer as spawning of oysters starts 
are described in detail by Gaarder & Sparck (1932). 
A lens of brackish water accumulates on the surface 
and penetration of solar energy warms the zone of 
salt water beneath. Hydrogen sulfide from decom- 
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position of organic matter in bottom muds and re- 
duction of sulfate of sea water remains in the bottom 











222 MELBOURNE ROMAINE CARRIKER 


stratum of water where it is utilized by sulfur bac- 
teria. Oyster larvae and other zooplankton, restricted 
to the habitable middle stratum, feed chiefly on 
nannoplankton. When nutrients are low in this 
stratum they are added. Mixing of nutrients is some- 
times done by pumping sea water from the middle 
stratum back to it without mixing with fresh water 
at the surface. Oyster spawners grow natively in 
the pools or are placed there. Larvae set on col- 
lectors suspended in the middle stratum from the 
surface. Light is the limiting factor in production 
when pools are closed. Inlets are opened to improve 
growing conditions after cessation of setting. Before 
and during the last world war six companies obtained 
seed commercially from these pools; at present only 
one company is using one or two pools. This de- 
crease has resulted from (a) high cost of producing 
oyster seed in the pools, (b) heavier mortality of 
Norway seed than native seed when shipped and 
planted in the Limfjord, and (c) reduced demand 
for seed oysters from Norwegian pools after a good 
spatfall in the Limfjord and in Holland in 1943- 
1949. Currently some six to ten million seed oysters 
are transferred annually from Norway to the Limf- 
jord. The quality of Norwegian oysters when grown 
in the Limfjord is superior to that of natives. Den- 
mark tried eulture of oyster larvae in her shallow 
ponds (the only ones available), but failed because 
they are not deep enough to provide the necessary 
stratification obtained in the deep Norwegian pools 
(Sparck personal communication). 

In recent years moderately successful use has been 
made of shallow salt-water ponds along the Massa- 
chusetts coast, United States, for rearing oyster 
larvae to post setting stages from spawners in the 
ponds. These enterprises have been devoted to the 
commercial production of oyster seed, and so far as 
is known, no scientific reports are available on them. 

Successful use of ponds in Europe and availabili- 
ty along the eastern and gulf coast of the United 
States of extensive areas of salt marshes have 
prompted the suggestion that artificial ponds could 
be excavated cheaply in them for culture purposes 
(Ryder 1884, Turner 1951). Turner (1951) con- 
cluded at first that use of these artificial ponds for 
shellfish culture is theoretically possible, though later 
(1953b) he was less optimistic. Loosanoff (1956) 
believes that utilization of salt-water ponds has a 
bright future, especially for culture of oysters. Re- 
ports on construction of artificial salt-water ponds 
are given by Dannevig (1945), Dean (1892, 1893), 
Evermann (1904), Frey (1947), Lunz (1951), and 
Vass (1953). 

Less success in use of ponds for rearing oyster 
larvae has been achieved by others. Ryder’s later 
efforts were less fruitful (J. Nelson 1890). J. Nelson 
(1889-1893) excavated claires in salt marsh in New 
Jersey and attempted numerous pond-culture experi- 
ments but never conclusively succeeded in rearing 
larvae to spat. Lindsay (1947-1953) on the north- 
west coast of the United States reported experiments 
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in rearing larvae of the Olympia oyster (Ostrea 
lurida) and the Pacific oyster (Crassostrea gigas) 
in two small deep tidal salt-water ponds, Point 
Whitney Lagoon and Lake Fulton. Both ponds were 
impounded to retain larvae of native spawners; large 
wooden pipes with flap valves were inserted in the 
blocked inlets. On some occasions excellent sets of 
Olympia oysters occurred from spawnings within 
the pond, but experiments with the Pacifie oyster 
were largely failures. Lindsay explained some of the 
mortalities as follows: stagnation of water in deep 
ponds with decomposition of salt-marsh vegetation 
and excessive liberation of hydrogen sulfide, and in 
one case impoundment of pond water for a year re- 
sulting in excessive dilution from rain water. Lind- 
say indicates that larvae of the Olympia oyster re- 
main near the surface where less hydrogen sulfide 
occurs, while larvae of the Pacific oyster concentrate 
in deeper strata where high concentrations of the gas 
kill them. 


ABIOTIC ENVIRONMENT 

Within limits of the carrying capacity of a biotic 
community, success of an organism living there is 
proportional to the degree that physicochemical and 
biotic factors approach optimum requirements of the 
organism for growth and reproduction, and the rela- 
tive freedom it experiences from parasites, predators, 
and disease. A preliminary analysis of some histori- 
eal and physicochemical aspects of Home Pond is 
made in this section to provide a basis for deserip- 
tion and discussion of biotic features of the pond 
which follow in a subsequent section. 


PHYSICAL GEOGRAPHY 


Gardiners Island lies at the eastern end of Long 
Island in the clear, highly saline, unpolluted sea 
water of Gardiners Bay (Fig. 1), and is accessible 
only by private boats. Extensive, and nearest, com- 
mercial oyster populations (Crassostrea virginica) 
inhabit southwestern portions of Gardiners Bay 
(Fireplace beds, approximately 2.5 nautical miles 
southwest of Home Pond), and wild populations of 
Venus (Mercenaria mercenaria) are heterogeneously 
distributed in bottoms surrounding the island. The 
hydrography, phytoplankton, and zooplankton of 
Block Island Sound have been studied by Riley 
(1952a, 1952b) and Deevey (1952a, 1952b). Some 
aspects of the hydrography and ecology of Long 
Island Sound are reported by Riley (1952a, 1955), 
Loosanoff & Engle (1940), and more fully by Riley 
et al. (1956). 

Gardiners Island (Fig. 1) is approximately six 
miles long and three and a half miles wide, and con- 
tains four large salt-water ponds: Home Pond on 
the middle southwest shore, Great Pond on the south- 
ern tip, Tobaccolot Pond on the middle eastern shore, 
and Bostwick Pond on the northern tip of the island 
(Gelb & Gelb 1952). The northern half of the island 
is blanketed by a dense deciduous forest (principally 
white oaks) which surrounds the western and north- 
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Fig. 2. 
land, taken from an elevation of about 4,500 ft. 
and off the eastern tip of Home Pond. 
salt marshes, forest, and mowed fields is shown. 


Fig. 3. 


scape. 


ern shores of Home Pond (Fig. 2, 3). Low second- 
ary growth in old fields, annually mowed grassy 
areas, and cultivated fields constitute the remainder 
of the gently rolling morainal topography whose 
highest elevation in the center of the island is about 
128 feet above mean sea level. A cultivated field, 
Home Field, adjoins the eastern end of Home Pond, 
separated from it by a narrow zone of forest (Fig. 


2, 3, 4). 
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Vertical aerial photograph, uncorrected for tilt, of Home Pond and Home Field, Gardiners Is- 
The laboratory is shown just inland from the old pier 
Barns and shops are located farther up the road. 


Distribution of 


Oblique aerial photograph of Home Pond and vicinity, emphasizing topography of the land- 


Each of the ponds except Tobaccolot opens con- 
tinuously to the sounds by way of a inlet 
eroded in the wide relatively stable barrier beach 
which fronts each pond; Tobaccolot is breached only 
intermittently during servere storms. The size of 
the inlet in Home, Bostwick, and Great Pond, de- 
pends on amplitude of the tide in the sounds and on 
the volume of fresh water flowing through the pond 
into the sounds. An easterly drift of sand along the 
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Fig. 4. Bathymetric chart of Home Pond and topog- 
raphy of surrounding areas, traced from photograph in 
Fig. 2 after correction for tilt. Locations of laboratory, 
tide gauge, and plankton sampling stations (as num- 
bered dots) are indicated. Bottom depths are contoured 
at 0.5 ft. intervals. 


barrier beach fronting Home Pond, coupled with the 
modifying erosive force of tidal currents in the inlet, 
directs the inlet in a southeasterly direction (Fig. 2, 
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4). The accumulation of sand on the west side of 
the old pier east of Home Pond Inlet is further evi- 
dence of this longshore drift. 

Home Pond Inlet, however, has not always oe- 
cupied its present position. Sellmer (personal com- 
munication) discovered that U. S. Geological Survey 
chart, Gardiners Island Quadrangle, Suffolk County, 
New York, dated 1904, showed the inlet opening into 
the middle portion of Upper Arm at a point where at 
present no salt marsh separates the pond from the 
barrier beach (Fig. 2, 4). The old chart shows an 
inlet cutting obliquely through the beach at a pro- 
nounced angle, demonstrating a west to east longshore 
drift then also. Marked deflection may have en- 
couraged obliteration of the old inlet during a storm 
and breaching of the present inlet at a more vulnera- 
ble point on the eastern shore of the pond. Accord- 
ing to Raynor (personal communication), familiar 
with Gardiners Island for many years, breaching of 
the new inlet must have occurred shortly after the 
1904 chart was published. 

During the Miocene Epoch of its geologic history 
the area now underlying Gardiners Island, as part 
of the whole northern coastal plain, submerged and 
remained more or less covered by shallow seas until 
close of the Tertiary Period (Miller 1914). During 
submergence, clays, sands, and gravels accumulated 
over it. After emergence and during the Pleistocene 
Epoch a glacial ice sheet spread southward over 
much of Long Island almost entirely covering the 
Tertiary deposits with terminal moraine. Thus to- 
day Gardiners Island is composed almost entirely of 
glacial till. The surface of the island is character- 
ized by clays and sands with oceasional cobbles and 
boulders. The latter are most noticeable at the 
base of eroding points of land within the ponds and 
at the base of sea cliffs around the island, particular- 
ly the heavily eroded high cliffs on the east side. 
Pebbles pave much of the pond inlets, and with sand 
and shell constitute a large proportion of the barrier 
beaches. 


MorpPHOMETRY OF HoME Ponp 


Home Pond nestles on the southwest shore of 
Gardiners Island at 41° 5’ 40” N and 72° 7’ 10” W, 
sheltered on the landward side by high densely 
wooded slopes and buffered from Gardiners Bay by 
an irregular strip of salt marsh and a relatively high 
stable barrier beach (Fig. 2). The upper half of the 
pond, Upper Arm, is divided from the lower half, 
Lower Arm, by a narrow neck, the Narrows, which is 
further restricted by a small wooded island (Fig. 2, 
3, 4). 

To make possible construction of an accurate 
bathymetric chart of Home Pond (Fig. 4), a local 
photographer took a vertical aerial photograph of 
the pond for us on August 26, 1955, from an eleva- 
tion of about 4,500 ft, at about 1000 hrs; it was 
a clear day, a light northeast wind was blowing and 
the tide was late ebb. Low water was selected so that 
intertidal and shoaler portions of the pond would be 
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seen on the photograph (Fig. 2). The photograph, 
not an accurate vertical shot, was corrected for tilt 
(Dobie & Johnson 1951, Spurr 1948) by projection 
of the negative on a movable easel tilted so that a 
number of measured distances on the ground cor- 
responded proportionately with similar distances on 
the projection. This corrected image was traced 
and scale calculated from a comparison of the meas- 
ured distances around the pond and similar distances 
on the corrected tracing. 

Submerged contour lines on the bathymetric chart 
are based on soundings made by us and adjusted to 
minimum low water within the pond. This is the 
lowest level reached; total drainage is prevented by 
a natural sill in the inlet which maintains a minimum 
level even though that in Gardiners Bay may fall 
several feet lower (Fig. 5, 6). Areas in the pond 
and of the surrounding salt marshes were estimated 
from planimeter tracings. Volumes in the pond were 
estimated from planimeter tracings at appropriate 
tide levels and adjusted to tidal amplitudes recorded 
on the portable tide gauge. Planimeter tracings of 
the area of the watershed surrounding Home Pond 
and the 20-ft contour line (see Fig. 4) in this area 
were taken from Sheets 6566 11 SW and SE, Gardi- 
ners Island, U. S. Army Map Service. 
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showing position of the sill and of the transect in tlie 
inlet across which measurements for the vertical pr. file 
of the inlet illustrated in Fig. 6 were made. 


Home Pond measures approximately 3,200 ft in 
length and 500 ft at its maximum width in Lower 
Avm. The area of the pond itself is 20.9 U. S. 
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Vertical section of Home Pond Inlet taken as 
shown in Fig. 5. Vertical dimensions are magnified 12 
times horizontal distances. Various levels of water and 
that of the salt marshes are superimposed on the section; 
minimum low water level within the pond is given as 
zero depth and is approximately 0.1 ft. above the level 
of the sill. 


Fig. 6. 


acres, and of the salt marshes around the pond, 17.7 
acres, a total of 38.6 acres of ground which is covered 
by water during all tides rising above mean high 
water. The acreage of Lower Arm is approximately 
2.3 times greater than that of Upper Arm. The 
watershed which drains into Home Pond has an area 
of approximately 252 acres. 

Home Pond is relatively shallow, having a maxi- 
mum depth at minimum low water of 2.8 ft (Fig. 4). 
The inlet, however, possesses a depression just inside 
the sill (Fig. 5) which is 5.3 ft deep at minimum 
low water. At mean high tide, also the level of 
the salt marsh, the water stands 1.27 ft above mini- 
mum low water level in the pond; ordinary maxi- 
mum summer high water level 2.4 ft 
minimum low water (Fig. 6). During storm periods 
which coincide with spring, tropic, and/or perigean 


rises above 


tides water level may rise many feet above this 
level, even submerging the barrici beach. 
Volumes for Home Pond were calculated (Table 


1) to provide information on loss of bivalve larvae 
during exchange of pond water with that in Gardi- 
ners Bay. Exchange ratios refer to percentage of 
water present in the pond at high water which 
empties on the following ebb. In Table 1, zero 
height of water is equivalent to minimum low water, 
and —0.1 ft is the hypothetical level retained by the 
sill in the inlet (Fig. 5) if maximum drainage were 
possible before the subsequent flood tide. 

A comparison of the volume of the pond obtained 





TABLE 1. Volumes and exchange ratios in Home 
Pond at various water levels. 
Height of Water | Corresponding | Intertidal | Exchange 
Level of Water | above Minimum | Volume, cubic | Volume, | Ratio 
Low Water, feet feet cubic feet q 
Mean low water. 0.10 1,083,490 | | 
Minimum high | 
water......... 0.44 1,392,640 309,150 | 22.2 
Mean high water | 
(level salt 
marsh). . 1.27 2,147,330 1,063,840 | 49.5 
Maximum high 
water.... 2.40 4,046,640 | 2,963, 150 | 73.2 
| 
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Fic. 7. Tidal amplitudes in Home Pond, plotted as 
level of salt marsh and various positions of the moon. 


by planimetric methods (Table 1) was made with 
that obtained by a study of current flow through a 
known cross section of the inlet (Fig. 6) as a check 
on the accuracy of the planimetrie calculations and 
soundings. The volume obtained by the latter method 
was 8.5% greater than that by the former. 


TIDES 

Early in the summer of 1953 a portable tide 
gauge was installed in a small arm on the eastern end 
of Home Pond some 500 ft inside the inlet (Fig. 
4). Tide level was recorded during July, August, 
and early September of 1953, and June of 1954, a 
total of 71 days. These data were utilized in caleu- 
lation of various mean tide levels in association with 
study of current velocities and movement of water 
masses, in determination of mean high and low water 
periods, and in conjunction with sampling of physical 
factors and plankton during tidal cycles. Zero datum 
plane was arbitrarily chosen as the level of the water 
in the pond during minimum low water, a height 
approximately 0.1 ft above the top of the sill in the 
inlet (Fig. 6, 7). 

As seen in Figure 7, for the period under observa- 
tion the level of water in Home Pond did not rise 
more than 1.13 ft above the level of the salt marsh, 
nor 2.50 ft above the top of the sill in the inlet. 
Heavy state-wide precipitation and strong winds ac- 
companied by severe floods produced an unusually 
high tide on July 23; a second severe storm on August 
14 likewise produced an unexpected high tide. Tidal 
amplitude in Home Pond, especially the high water 
mark, is conspicuously influenced by positions of the 
moon and sun relative to the earth (Fig. 7). Highest 
tides occur during tropic, spring, and perigean tides; 
especially high tides result when all three converge, 
as during June 27-28, 1954. Maximum diurnal in- 
equality of high tides occurs when the moon’s declina- 
tion reaches a maximum. An interesting series of 
maximum high tides with minimal diurnal inequality 
oceurred during August 24-26, 1953, when spring 





high water and as low water curves, and related to 


and perigean tides paralleled equatorial tides. Strong 
southwest winds tend to pile water in front of Home 
Pond Inlet. In one instance following a maximum 
high tide on August 13, 1955, the pond lost only half 
of its intertidal volume during the ebbing tide. 

Friction imposed by the general configuration 
of shallow Home Pond results in ebb tides with a 
duration almost twice that of flood tides (Fig. 8). 
Ebb tides average 8 hrs and flood tides, about 4.5 
hrs. In high tides characterized by wide diurnal 
inequality duration of ebb tide may extend to 9.5 hrs, 
but the period of ebb tide following the subsequent 
low high tide is considerably shortened. When the 
moon passes over the equator the rough ratio of 1:2 
for the duration of flood and ebb is more nearly 
approached. As mean daily duration of flood tide 
increases, corresponding mean duration of ebb tide 
decreases. Curves in Figure 8 may also be located 
in Figure 7. The one for August 26 represents a 
day of maximum high tides but minimum diurnal 
inequality; the one for August 12, minimum high 
tides and minimum diurnal inequality; the one for 
August 18, minimum high tides and maximum diurnal 
inequality. 

Ordinarily along the east coast of the United 
States a maximum high water is followed by a mini- 
mum low water. However, in Home Pond low water 
limit is determined by the sill in the inlet, and is 
independent of amplitudes (roughly 6 ft) in Gardi- 
ners Bay. Fluctuation of low water levels within the 
pond (Fig. 7) is explained by the fact that low waters 
following maximum high waters are higher than those 
following minimum high waters. Those portions of 
the larger volume of water accompanying a maximum 
high tide which cannot escape on the following ebb 
tide are retained to escape on ebb tides of subsequent 
lower high tides (note especially July 23 and August 
14, Fig. 7). Heavy precipitation likewise augments 
the volume of water seeking an exit during ebb tide. 

These tidal studies underscore the important fact 
that the ratio of tidal exchange in Home Pond (Table 
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Fig. 8. Representative tide curves for Lower Arm of Home Pond. 
TABLE 2. Relation of rainfall to distribution of fresh water in Home Pond, Gardiners Island, August 1955. 
| 
VoLuME oF Rain, cv. FT., | VOLUME OF FRESH WATER IN Ponp, | 

FALLING ON CU. FT. | 
Day | kan —_—_—— -———| Fresh | Tide: Stage 
| fall Pond and | water in | and level, ft. 

in. salt marsh | Watershed | Upper Arm! Lower Arm) Total tame pond, % | 

De detee a tesa 0.03 4,200 27 ,510 | 
12... kcal eee 591,310 3,870,890 135,050 236 , 080 371,130 | 31.5 | L.W.: 0.25 
LSS Sel ae iene 1.05 147 ,070 962,770 182,940 176,530 359,470 | 24.9 | L.W.: 0.60 
ES Ie ee ee 0 0 0 111,740 165,700 277 , 440 24.4 | L.W.: 0.25 
15. 0 0 0 | 159 , 200 106 , 200 265,400 15.0 | H.W.: 1.25 

iiendenaiilinineianiioien neat! me — —————— = a — a we vw |—-— — 

23 0.45 | | 

75,640 495,140 | | 

*.. eave] (O00 | 
ae 0 0 0 12,210 56,130 68 ,340 6.8 | L.W.: 0.25 
ee ee 0 0 0 49 ,860 23 , 500 73 ,360 A | | H.W.: 1.60 


2), and hence the movement of associated plankters, 
varies broadly depending upon astronomical forces. 


WatER MOVEMENTS 

Direction and velocity of surface currents in 
Home Pond at maximum flood were determined by 
clocking with a stop watch from an anchored row- 
boat the movement of fragments of plants floating 
in the water (Fig. 9). A very light eastnortheast 
wind was blowing but did not materially affect cir- 
culation. Numbers in Figure 9 reprsent maximum 
surface velocities for a tide rising at high water to 
1.5 ft above minimum low water (compare with 
Fig. 7).. During mid-ebb direction of currents is 
generally reversed, except that those at the northeast 
extremity of the pond continue to flow toward the 
inlet. Ebb current velocities, commensurate with 
slower emptying of the pond, are less rapid than 
those on the flood. Because of the shallowness of the 
pond, currents at all depths are strongly influenced 
by winds; this is especially true in the upper quarter 
of the pond where the bulk of circulation is directed 
by winds rather than by tidal forces. In contrast to 


this Van Dorn (1953) shows that in a small relative- 
ly deep pond (200 x 60 x 2 m) wind speeds up to 10 
m/see did not produce currents along the bottom. 

Current velocities in the pond and inlet are closely 
correlated with the volume of water sweeping through 
the inlet, and hence with the height of high water. 
Current velocities at the inlet during a flood tide 
(J-22) and during the 16-hr period (J-2) are plotted 
against height above sill in Figure 10. J-22 tide rose 
to a high water level of almost 2 ft; the first J-2 
high water, to about 0.5 ft, and the second J-2 high 
water to about 1 ft. The J-2 current curve illustrates 
the slower currents occurring on the ebb rather than 
on the flood of the same tidal ecyele. 

In order to determine maximum penetration into 
Home Pond of water entering the inlet, we followed 
two patches of fluorescein-dyed water on separate 
tides from ebb slack at the inlet to high water at the 
head of the pond. Fluorescein was added to water 
just as the tide turned, and was followed in a row- 
boat and timed at convenient fixes along the course 
(Fig. 11). The tide on August 12, 1953 (see Fig. 
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Hours 
Fic. 10. Surface current velocities at Home Pond 
Inlet on July 2 and on July 22 (lower figure) cor- 
related with water level (upper figure). 


7) was a low high tide (0.9 ft above minimum low 
yater in the pond), and the one on August 26, 1953, 
a high high tide (1.9 ft above minimum low water). 
During the August 12 study a very light east breeze 
blew until the dyed water reached the Narrows, and 
thereafter shifted to a very light southwest wind. 
During the August 26 study a very light northwest 
breeze came up shortly before the second hour of the 
run and continued until the fourth hour. Deflection 
in paths followed by the two water masses probably 
resulted from effect of the wind. The tracings sug- 
gest to what degree water present in the pond at 
low water is compressed in the upper quarter of the 


Surface currents in Home Pond at maximum flow. 


pond by the flooding tide. Since considerable verti- 
cal and horizontal mixing takes place, residual water 
impounded in the upper quarter by the incoming 
flood tide gradually mixes with new sea water, and 
makes its way out to the bay on subsequent ebbing 
tides, degree of mixing depending upon velocity of 
the wind and height of high water, high high waters 
tending to push new sea water farther into the head 
of the pond than do low high waters (Fig. 11). 

By using the formula v=3.36 \/ d, where v=speed 
of wave in knots and d=depth of water in feet 
(Strahler 1951) and total average depth of the pond 
between low and high water for an average high tide 
as 3 ft, we estimated the average velocity of the 
tide wave moving from the inlet to the head of the 
pond to be approximately six knots. This suggests 
that the tide wave, under these conditions, moved 
across the long axis of the pond in about six minutes. 
Tide gauge records and other observations indicated 
that actual mean velocity was slightly less than the 
estimated figure, probably because of friction at the 
Narrows. 

Slack water in the inlet had a duration of about 
two minutes, and occurred roughly a half hour after 
high and low water. 

Whether planktonic larvae originating in Home 
Pond, where such a high exchange ratio prevails, 
ever settle within the pond is dependent, among other 
factors, upon the fraction of the ebbing water mass 
which returns on the flood. In an effort to gain 
some information on this subject, we followed a mass 
of water from Home Pond Inlet at high slack water 
to low slack water in Gardiners Bay by means of a 
current cross suspended 30 inches below the surface 
of the water. Surface and bottom salinities in the 
vicinity of the cross were taken hourly. A light 
southeast wind intensified to a brisk wind toward 
the end of the 6-hr observation. During the ebbing 
tide the current cross floated about 75 ft offshore, 
then some 700 yds westward along the shore. The 
wind pushed surface water in the bay westward and 
toward the shore against the ebbing tide (U. S. Coast 
& Geodetic Survey 1943), while deeper water moved 
outward along the bottom. Salinities in the vicinity 
of the cross remained at 29.82+0.15 0/oo during the 
6 hr observations. On the flood the water continued 
its westerly movement. 























July, 1959 








CULTURE OF Crassostrea AND Merceénaria IN A SALT-WATER POND 


bo 
Ne) 
7 





Flug /2 °° 
Flug 26 e-* 


Water Fovements 




















oh 





Fig. 11. 
the inlet to flood slack in Upper Arm. 
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Course of the movement of two water masses on August 12 and August 26 from ebb slack at 
Numbers indicate time of runs in hours. 
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Fig. 12. 


Distribution of precipitation and surface salinity in Home Pond during three summers at 


high water and low water. Blank areas were not sampled. 


These data suggest that during periods of calm 
and of southerly winds there is more opportunity for 
water ebbing from Home Pond to return to it than 
during other wind conditions. However, the volume 
of Gardiners Bay (Fig. 1), the velocity of currents 
therein (average 0.26 knot in the middle of the bay 
during spring tides, moving about 1.5 nautical miles 
during each flood and ebb tide), and the rapidity with 
which salinities in Home Pond Inlet approach those 
in the bay on the flood (Fig. 22), suggest that water 
draining from Home Pond is soon dissipated. 


SaLinity, RAINFALL, AND FLUSHING 
Home Pond may be characterized as a tidal 
embayment (Ayers 1956) since the only fresh water 
it receives enters as rainfall, a negligible quantity 


of surface runoff, and as spring water from small 
springs along the north bank of the pond which 
swell as rainfall increases. In view of the small 
volume of Home Pond relative to the watershed 
surrounding it, it was not known whether heavy 
precipitation would dilute its waters to a degree 
deleterious even to its euryhaline inhabitants. <Ac- 
cordingly distribution of salinity in relation to pre- 
cipitation was studied throughout the three summers 
of the investigation. In addition to general sampling 
throughout the pond, four main stations on the long 
axis of the pond (Stations 1-4, and in particular: 
Station 1, Fig. 4) were sampled periodically at sur- 
face, middle, and bottom. Salinity was determined 
by Harvey’s modified silver nitrate titration method 
(Harvey 1955). 
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Fig. 13. 
fall which started August 11. 


Distribution of surface salinity at low water at 1230 hours on August 12 after 4.25 in. of rain- 
Water level 0.25 ft. above minimum low water. 


Compare with Fig. 12. 
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Fig. 14. 
rainfall which started August 11. 


Distribution of surface salinity at low water on August 14 at 1410 hours after 5.30 in. of 
Water level 0.25 ft. above minimum low water. 
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Fig. 15. 
rain. 


General distribution in the pond of surface salini- 
ty at high and low water and precipitation during 
the three summers is presented in Figure 12. Pre- 
cipitation was measured daily in a standard rain 
gauge located near the laboratory on the east shore 
of the pond. Blank spaces in the graphs represent 
periods when no sampling was carried out at those 
stations. During the three summers salinity in 
Gardiners Bay remained consistently in the neigh- 
borhood of 30 0/oo. At high water isohalines in the 
inlet (Station 1) dropped only after heavy rainfall, 
as during August 1954, then quickly recovered their 
former position. 

Rainfall data for the Gardiners Island area (U.S. 
Weather Bureau N. Y. Climatological Data for 
Bridgehampton, Long Island) provided information 
for the month preceding the initiation of each sum- 
mer’s studies. May 1953 was a wet month in which 
a total of 4.03 inches fell, and of this 0.57 in fell 


Distribution of surface salinity at high water at 0845 hours on August 15 after 5:30 in. of 
Water level 1.25 ft. above minimum low water. 


between May 26-31, according for the lowered salini- 
ties in the pond in early June. The last two weeks 
of May 1954 were relatively dry; May 1955 was also 
dry, but 0.82 in of rain fell during May 26-31, 
depressing isohalines in early June. Unusually heavy 
precipitation occurred during the latter part of the 
summer each year of the investigation. 

A detailed study of horizontal and vertical distri- 
bution of salinity in the pond after heavy rain was 
made in August 1955. On August 11-13, 5.30 in 
of rain fell, considerably diluting water in upper 
portions of the pond (Fig. 12). The only precipita- 
tion of consequence before this date, 1.46 in, was 
recorded on August 8. On August 12 at 1230 hrs 
after 4.25 in of rain, distribution of salinity at low 
water (0.25 ft above minimum low water) assumed 
the horizontal pattern shown in Figure 13, and the 
vertical pattern shown in Figure 16. At this time 
large quantities of relatively fresh water were im- 
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pounded in the upper quarter of the pond by previ- 
ous flood tides, measurable quantities of brackish 
water were flowing along the surface to Gardiners 
Bay, and pools of high salinity water were retained 
behind the sills at the inlet and at the Narrows. By 
low water (0.25 ft above minimum low water) at 
1410 hrs on August 14 (Fig. 14) much of the fresher 
water in Upper Arm had been transported bayward, 
but salinities were still low. By high water (1.25 ft 
above minimum low water) at 0845 hrs on August 15 
salinity in the upper quarter of the pond (Fig. 15, 
17) had not changed appreciably; diluting effect of 
fresh water from springs along the north bank of 
the pond was still indicated (in this respect see 
also Fig. 13, 14). Accumulation of fresh water 
there may have been aided by light southeast winds 
on both August 14 and 15, but not on August 12 
when strong northeast winds were blowing. Barlow 
(1956) and Waugh (1957) have demonstrated the 
striking effect of wind force and direction on salinity 
distribution in other estuaries. There are no springs 
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Fig. 16. Vertical distribution of salinity at low 
water at 1230 hours on August 12 after 4.25 in. of 
rainfall which started August 11. Water level 0.25 ft. 
above minimum low water. 
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along the barrier beach side. Figure 17 indicates the 
degree of mixing which accompanied progress of 
the flood tide, and the conspicuous oblique stratifica- 
tion resulting in the upper quarter. 

It was desirable next to compare distribution of 
salinity in the pond after heavy rainfall with that 
after light rain. This opportunity came, when 0.54 
in of rain fell on August 23 and 24. No rain had 
fallen since August 17-19 when a total of 2.18 in 
was recorded for the three days (Fig. 12). On the 
morning of August 25 a salinity survey was made at 
low tide (0.25 ft above minimum low water, Fig. 18, 
20), and another was completed during the after- 
noon high tide (1.6 ft above minimum low water) 
of the same day (Fig. 19, 21). During low water less 
saline water again pooled near the surface along the 
north bank. Entrance of fresh water on the east 
end of the pond produced the interesting island of 
higher salinity in the middle of Lower Arm (Fig. 
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Fig. 17. Vertical distribution of salinity at high 


water at 0845 hours on August 15 after 5.30 in. of rain. 
Water level 1.25 ft. above minimum low water. 
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Fig. 18. Distribution of surface salinity at low water on August 25 after 0.54 in. of rain on August 23 
and 24. Water level 0.25 ft. above minimum low water. 
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Fig. 19. 
level 1.6 ft above minimum low water. 


Distribution of surface salinity at high water on August 25 


25 after 0.54 in. of rain. Water 


























232 MELBOURNE RoMAINE CARRIKER eee 4-8 
o 4 
$ Ae - [ ‘e. oe LW HW LW Ha 
el ‘ 1 T T T T 
«3 
Sy 2 5O LL 
s N aL 
Ss. 
N 
StF Low Water after 05% in Rain 
Fig. 20. Vertical distribution of salinity at low 


water on August 25 after 0.54 in. of rain on August 
23 and 24. Water level 0.25 ft. above minimum low 
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water on August 25 after 0.54 in. of rain. Water level 


1.6 ft. above minimum low water. 


water up the middle of the pond (Fig. 19), and the 
almost complete vertical mixing of the water during 
the flood (Fig. 21) was conspicuous. 

These salinity distribution studies suggest a rel- 
atively rapid return of salinity within the pond to 
that in Gardiners Bay during a given tidal cycle. 
In an effort to determine rate of recovery of salinity 
we took surface salinities through the cycle of three 
separate tides at the inlet in 1955 (Fig. 22). No 
rain of any consequence fell during the three days 
previous to the tidal studies; 0.73 in fell during the 
seven days prior to the July 2 (J-2) study, and 
2.57 in. prior to the August 1 (A-1) and August 
3 (A-3) studies. In the A-3 study (high water was 
1 ft above minimum low water) salinity in the inlet 
approached that in the bay during the first hour of 
flooding. In the A-1 study this occurred in slightly 
over an hour. The J-2 curve was made on a clear 
very hot day in a moderate southerly wind which 
brought about excessive evaporation in shallower 
reaches of the pond; resulting increased salinity is 
illustrated by upward deflection of the salinity curve 
in late stages of the ebb tide (which normally contain 
the lowest salinities of the tide cycle). The slight 
dip in the curve on the 17th hour may indicate a 
small mass of pond water slightly diluted by spring 
water in its passage down the pond. In the J-2 
study salinity approached that in the bay in slightly 
over 2 hrs. These curves show that the greater the 
volume of water entering the inlet the more rapidly 
the salinity in the inlet approaches that in the bay. 

After rainfall return of salinity in the pond to 
the value obtaining in the bay, in at least two in- 
stances (July 7 and July 28, Fig. 23), took place in 
about 10 days. After this period rainfall occurred 
too frequently to permit salinity to return to normal 
(Fig. 23). Salinities in Gardiners Bay, because of 
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Fig. 22. Fluctuations of salinity and water tempera- 


ture at the surface at the inlet through the cycle of the 
tide on July 2 (J-2), August 1 (A-1), and August 3 
(A-3), related to depth of water, phase of the tide, 
and insolation (time of day). 


the large size of the bay and its proximity to the 
Atlantic Ocean, were negligibly affected by normal 
summer precipitation. Assuming that complete mix- 
ing in Home Pond occurs on each tide, that all water 
entering the pond on each flood represents the salini- 
ty in the bay, and that no fresh water enters the 
pond after the initial rainfall, it would take about 
4 days for salinity in the pond to return to that in 
the bay after the rainfall of July 7 and 28. These 
conditions, of course, do not exist and an unknown 
fraction of rain falling on the watershed of Home 
Pond percolates slowly through the soil, delaying 
return of pond salinity to normal. These and pos- 
sibly other reasons explain why hypothetical recovery 
rate of salinity in the pond is slightly under one half 
the actual value. Greater depression of the salinity 
curve at Station 4 (Fig. 23) than at the inlet ex- 
presses incomplete mixing and temporary impound- 
ment of fresh water in the upper quarter during each 
flood tide. 

Comparison of the volume of rain falling onto 
Home Pond and its watershed with the quantity 
of fresh water in the pond at intervals subsequent 
to precipitation provides further information on the 
movement of fresh water out of the pond. Volume of 
rain was calculated from rainfall in inches and esti- 
mated acreages of the pond, marshes, and watershed, 
assuming uniform rainfall over the area. The water- 
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Fig. 23. Correlation of surface salinities at the inlet at low and high water and at Station 4 at low 


water with precipitation in 1955 to illustrate the rate of recovery of salinity in the pond to the base 


salinity in the bay (same as at inlet at high water). 


shed is 6.54 times larger than the pond and the salt 
marshes combined. Sufficiently detailed salinity dis- 
tribution data were available for August 12-15 and 25 
(Fig. 13-21) to permit calculation of the quantity 
of fresh water in the pond. This was done (Table 
2) by estimating the fresh-water fraction (Ayers 
1956) in each arm of the pond for each stage of 
the tide under consideration and multiplying the total 
volume of water in each arm by the fresh-water frac- 
tion. Results indicate that rain falling into the pond 
is carried rapidly into the bay, but that the quantity 
does not diminish as quickly as accounted for by 
exchange alone; after vegetation and soil on the 
watershed become saturated, water seeps into the 
pond for some time (Fig. 23). Impoundment of 
fresh water in Upper Arm by the flooding tide of 
August 15 is strikingly demonstrated in Table 2, 
especially when compared with similar figures for 
the low tide of the previous day. 

The low water salinity survey on August 25 was 
made during the morning, and the high water one 
that afternoon. Table 2 shows about 5,000 ecu ft 
more fresh water in the pond during high water; 
this was added by springs during the flood. Per- 
centages of fresh water in the pond indicate rela- 
tive quantities of fresh water present; although 
actual volumes of fresh water decreased from day 
to day after each rainfall, relative quantities were 
influenced by the volume of salt water entering the 
pond. Thus percentage of fresh water at low water 
on August 13 was close to that on August 14 be- 
cause a strong wind impounded the ebbing tide of the 


latter, retaining about one-half the water usually 
escaping during the ebb. 

During the three summers salinity at Station 4 
exceeded that in Gardiners Bay only four times, 
and then by not more than 1 o/oo (one of these 
oceasions is illustrated in Figure 23 for July 18), 
as a result of prolonged relatively dry periods, in 
some cases accompanied by hot clear windy days. 

These observations demonstrate that during the 
period studied salinities did not exceed the limits 
of euryhaline organisms inhabiting the pond. 

It was not possible to study in detail net non- 
tidal water movements in Home Pond resulting from 
entrance of fresh water. However, salinity distribu- 
tion data presented in this section (especially Fig. 
16, 17) suggest that during heavy precipitation and 
the ensuing runoff some net up-pond flow of bottom 
saline water and bay-ward flow of surface fresher 
water occurs. Such net movements are impeded by 
sills and constrictions at the inlet and Narrows, and 
entirely disappear during relatively dry periods 
(Fig. 20, 21). In any event, the long axis of the 
pond is so short and the exchange ratio so large 
that it is questionable whether larvae with a plank- 
tonie existence of more than a few days originating 
within the pond could be held there until setting time 
even during periods of maximum non-tidal move- 
ments. 


TEMPERATURE 


Because of the shallowness of the water and the 
dark pigmentation of most sediments in Home Pond, 
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water temperatures closely paralleled those of the 
air. Average monthly temperatures for the three 
years of the investigation are plotted in Figure 24; 
winter temperatures are telescoped and summer 
averages are spread to permit super-imposition of 
average daily temperature curves. These data are 
taken from the U. S. Weather Bureau, Climatological 
Data, New York, for the Bridgehampton, Long Is- 
land, station. Bridgehampton is 14.5 statute miles 
from Home Pond and 2 miles from the Atlantic 
Ocean, whereas Home Pond is 7.5 miles from the 
Atlantic Ocean across the southern tip of Long 
Island and Napeague Bay (Fig. 1). Consequently 
summer air temperatures at Home Pond (checked 
by means of a maximum-minimum thermometer) 
averaged a few degrees higher than those at Bridge- 
hampton, but temperature trends at the two stations 
were similar. Water temperatures in Home Pond 
were taken usually at high and low water, principally 
at the permanent stations. During clear days 
throughout the summer water temperatures increased 
progressively up to pond, occasionally exceeding 30° 
C (maximally 33.6° C) at the head (see high water, 
1953, Fig. 24). During heavily overcast rainy days 
pond-water temperatures soon equalled those in the 
bay. During prolonged cool periods, particularly 
in the early fall, pond temperatures dropped below 
those in Gardiners Bay. Fluctuations of water tem- 
perature in the bay also paralleled those of air 
temperatures, but to a far less degree than those in 
the pond. 


Heating of pond water by insolation on clear 
warm days, and cooling by bay water, is illustrated 
in Figure 22. J-2 and A-1 were very hot days 
with a maximum air temperature for A-1 at Home 
Pond of 31.1° C. A-3 was similarly a hot day with 
a maximum temperature of 28.3° C (also see Fig. 
24). A-3 study was started at 0500 hrs and the other 
two at 0700 hrs. Water warmed gradually as the 
day advanced and as the tide flooded to slack; and 
continued to heat during the ebbing tides in the 
afternoon. Water temperatures on the two hotter 
days (J-2, A-1) clearly surpassed those of the 
cooler day (A-3). As the tide flooded again tempera- 
tures dropped quickly. 

So far as could be determined temperature of 
water in Upper Arm never climbed much above 33° 
C. This may be explained in part by the moderat- 
ing thermal influence of bay water, and is in marked 
contrast to higher summer water temperatures pre- 
vailing in landlocked brackish Tobaccolot Pond on 
the east side of Gardiners Island, and the marked 
variations in temperature of the water observed by 
Deevey (1948) in Tisbury Great Pond when closed 
from outside waters. 


PH AND TRANSPARENCY OF WATER 
Restrictions placed on circulation of water in 
Home Pond by its morphometry and contributions 
from sediments and fresh-water seepage do not seem 
to depress pH significantly, but they do alter trans- 
parency. 
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Fig. 25. Distribution of predominant 


surface-sediment 


types (mud; clay-silt-organic matter; sand; 


gravel-pebble-shell), depth of mud in feet (at solid circles), and sediment-sampling stations A-H in Home 


Pond. 


pH of water samples was determined colorimetri- 
cally using cresol red, immediately after collection, 
and corrected for salt error. Bottom water samples 
were collected with the intake of a small glass water 
sampler 1-2 inches off the bottom. 

On July 2, 1955, pH of surface water at the inlet 
was measured hourly through one and a half cycles 
of the tide concurrently with other observations (Fig. 
9, current velocities; Fig. 22, tidal amplitude, salinity, 
and temperature). The day was clear; water tem- 
perature varied from 24.1 to 30.4° C, and salinity 
from 28.3 to 30.4 0/oo. Sampling was begun at 0700 
hrs and continued through 2000 hrs. pH in the 
first morning sample was 7.9, rising gradually to 8.2 
by mid-afternoon, and remained there until 1900 be- 
fore dropping to 8.1. The resulting pH curve may 
be a function of photosynthetic activity of phyto- 
plankton, macroscopic algae, and dense patches of 
widgeon grass (Ruppia maritima) in the pond. 

On August 26, 1955, pH of surface and bottom 
water samples was taken at 7 localities widely dis- 
tributed throughout the pond over different types of 
sediment (Fig. 25) 3.7 to 2 hrs before ebb slack 
during mid-morning on a clear cool calm day. Verti- 
eal water samples were taken in rapid succession. 
Salinities varied from 27.7 to 29.7 0/00. pH at the 
various stations did not exceed 8.0. Over sandy 
bottom on the south side of the pond pH was ap- 
proximately the same at the surface and bottom at 
two locations. At 4 stations over mud bottom the 
pH was consistently 0.1 to 0.2 pH higher at the bot- 
tom. These values are similar to those obtained by 
Pratt (1949) 
Little Harbor, Massachusetts, a pond in many re- 
spects quite similar to Home Pond. 

Transpareney of water was measured at 7 dif- 
ferent sites with a Secchi disk during a mid-ebb tide 
on a clear calm day preceded by several days of calm 
weather. Under prevailing conditions light pene- 
trated to the bottom throughout the pond. Decreas- 
ing transparency toward the head of the pond was 
caused by continual impoundment there of coffee- 
colored fresh water flushed into the pond during 
periods of heavy precipitation; during relatively dry 
periods the stain diminished, but never entirely dis- 
appeared. Biocolloidal matter (leptopel, Fox et al. 


in his study of a small portion of 


Refer to Fig. 26 for description of particle sizes. 


1955) and larger particles of detritus roiled from the 
bottom by tidal currents and wind-driven water cur- 
rents also contributed to the opacity of the water. 
During transparency noticeably, 
but soon revsurned to normal as the weather cleared. 


rms decreased 


SEDIMENTS 

Except for a few glacially smoothed cobbles which 
pepper beaches under eroded points of laid along 
the north bank, the bottom of Home Pond, salt 
marshes around it, and barrier beach to the south are 
composed entirely of sediments of particles smaller 
than cobbles (Fig. 25, 4). 

The barrier beach consists principally of shell 
(mostly Crepidula fornicata) and smooth sand and 
pebbles cast up by wave action from Gardiners Bay. 
South portions of the bottom of the pond and sedi- 
ments under the salt marsh between the pond and 
barrier beach consist of sands deposited probably in 
the more youthful stages of formation of the lagoon 
coincident with emergence of the coastline. Surface 
of the sand stratum in the pond slopes steeply down- 
ward toward the north bank against the uplands. 
Depressions left by the sloping bottom are now filled 
with deep soft loose black cohesive organic mud 
(clay-silt-fine sands-organie matter) most of which, 
at least near the surface, has been converted to fecal 
pellets (Moore 1931) and other aggregates (self- 
silting by the oyster, Lund 1957). Using a solid 
iron rod 13 ft long, 34 in in diameter, with a 1-14 
in square sounding end, we measured the thickness of 
The 
rod was foreed gently by hand into mud until pas- 
sage was blocked by a compact layer of 
sound. In 
three locations in Upper Arm this depth exceeded the 
length of the rod. Thickness of the mud stratum and 
distribution of predominant surface-sediment types 
are plotted in Figure 25. At depths of 4 and of 8 
ft in sediment east of Station D, the rod slipped 
through shallow layers of sand. 


the mud layer at various points over the pond. 


sand or 
coarser particles producing a grating 


These layers may 
represent redistribution of sands from the Narrows 
which took place earlier when the inlet breached the 
barrier beach at Upper Arm. Salt marsh vegetation 
on the north side of the pond is underlain by a rela- 
tively deep, and that on the south side, by a relatively 
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shallow layer of organic mud deposited in quieter 
water probably as the lagoon developed. 

Depth and distribution of organic mud in Home 
Pond suggest that morphometry of the pond has not 
been seriously altered for a long time. The most 
recent minor change, shifting of the inlet from the 
western end of Upper Arm to the eastern end of 
Lower Arm, probably caused only local sed'mentary 
changes in the vicinity of the inlets. Present hori- 
zontal distribution of sediments within the pond re- 
sults from the activities of tidal currents and wave 
action superimposed on the developmental structure 
of the pond (Kuenen 1950). Although we were un- 
able to study the movement of sea water into the 
sediments of the pond against the fresh-water table 
gradient concomitant with tidal oscillations, the in- 
vestigations of Emery & Foster (1948) suggest that 
this does take place. 

Nature of the substratum is important in de- 
termining the nature of bottom organisms (Morgans 
1956, Thorson 1955, Holme 1954, Bader 1954). To 
provide a basis for study of distribution of grain 
size as well as of other ecological conditions in the 
pond, we collected sediment samples at Stations 
A-H (Fig. 25) in August 1955. Since sediments 
were rather homogeneously distributed within each 
type, and since a general picture of the surface sedi- 
ments was desired, we made collections at each 
station in the following way. Six subsamples, 
equally distributed in an area approximately 25 x 50 
ft around each station, each subsample about one 
liter in volume, were cut from the bottom to a depth 
of about 3 inches (the depth inhabited by medium- 
size Venus). Sediments from each station were 
thoroughly mixed and a one-liter aliquot was stored 
in a serew-cap jar in a cool dark place. Mechanical 
analysis of the samples was kindly performed for us 
by Dr. C. H. M. van Bavel, Department of Soils, 
North Carolina State College of Agriculture and 
Engineering. Debris and sand were sorted by dry 
sieving; silt and clay, by the hydrometer method 
without oxidation of organic material. Results are 
given in percentage by weight on an oven dry (105° 
C) basis, and plotted as histograms (Fig. 26, U. S. 
Bureau of Soils classification). Unfortunately Mor- 
gans’ (1956) helpful paper was not available when 
our work was done. 

Data from these analyses clearly picture distri- 
bution of silts and clays (grain size 0.05 mm or less) 
on the north side of wider reaches of the pond, and 
of sands (0.05-2 mm) on the south side, in the Nar- 
rows, and inlet. They suggest that sands are dropped 
by the current soon inside the inlet, and that cur- 
rents along the long axis of the pond transport 
principally silts and clays. Although composition 
of muds at Stations E, C, and A is rather similar, 
there is a greater proportion of fine grains at Station 
K, the widest region of the pond. Percentage of 
sands at Stations F, D, and B is similar. Sediments 
at Stations G and H are comparable, though there 
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Fig. 26. Distribution of particle size and relative 
abundance of phosphorus (P), potassium (K), and 
organic matter (OM) in surface sediments of Home 


Pond. Phosphorus is plotted as mg/1000g, potassium 
as mg/100g, and organic matter as g/1000g of sediment. 
Refer to Fig. 25 for location of sampling stations A-H. 
Range of particle-size diameters: clay, up to 0.002 mm; 
silt, 0.002-0.05 mm; sand, 0.05-2mm; gravel, 2-30 mm; 
pebble and shell, 30-70 mm. 


is a greater proportion of gravel (2-30 mm) and 
pebbles and shell (30-70 mm) at the inlet especially 
where it breaks through the barrier beach. Scouring 
by tidal currents keeps the inlet relatively free of 
clay and silt. In spite of sluggish tidal currents 
along the south side of the pond, bottoms there are 
kept relatively free of silt, clay, and organic matter 
by wave action. Sandy areas are shallower than 
muddy bottoms (Fig. 4) and waves of sufficient 
amplitude are generated within the pond by wind to 
keep sandy areas scoured, but not to affect seriously 
the deeper cohesive muds. Tidal currents in the Nar- 
rows, inlet, and over the tidal delta inside the inlet 
keep these areas scoured, and drop fine grains over 
deeper muddy areas of the pond and in Gardiners 
Bay. Electrolytic flocculation of colloids washed in- 
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to the eastern end of Home Pond from Home Field 
(Fig. 4) during severe storms and along the 
remainder of the north shore in springs probably 
contributes to sedimentation. Wooded slopes sur- 
rounding the pond, except on the northeastern end, 
have prevented gross sedimentation. Higher pro- 
portion of silt and clay at Station E (69% dry 
weight of all particles present) as compared to 
Station A (59%) and Station C (58%) suggests that 
Home Field and a low eroding bank below it have 
contributed more sediments to Lower than to Upper 
Arm. 

In addition to mechanical analyses of sediment 
samples it was possible to have portions of the same 
samples analyzed for “easily oxidizable organic mat- 
ter” and for “available” phosphorus and potassium. 
Soil scientists have no way of defining or measuring 
the quantities of any mineral available to plants. since 
such factors as solubility, position, rate of solution, 
and interaction with other soil properties affect the 
supply of an ion to plants. As a result of numerous 
observations, they employ the term “available” to 
correlate quantities of an ion extracted from soils in 
a given way and expected crop response from ad- 
dition of that ion in fertilizer. A number of studies 
on the total (rather than “available”) content of 
certain ions in estuarine and marine sediments have 
appeared (Bader 1954, Hantzschel 1939, Ingle et al. 
1955, Miller 1952, Moore 1929-30, 1931, Shepard 
& Moore 1955, Trask 1939); in addition Rochford 
(1951, 1952) and Thomson (1954) have correlated 
the content of certain nutrients in sediments with 
response of organisms in the food chain affected by 
these ions. In estuarine and marine environments 
bacteria in and on the surface of the bottom. micro- 
scopic and macroscopic plants on insolated bottom, 
and possibly burrowing animals which swallow sedi- 
ments wholesale and selective detritus feeders utilize 
nutrients adsorbed on sediment particles or present 
interstitially. On the basis of the experience of 
agronomists it is reasonable to assume that only a 
fraction of total nutrients is available to these 
organisms. It is further possible to hypothesize that 
nutrients in the sediment would be available indi- 
rectly to plankton feeders like clams and oysters by 
way of microscopic organisms, and directly on col- 
loidal aggregates roiled from the bottom by cur- 
rents (Fox et al. 1952, Fox 1955). We observed 
that Venus and oysters in Upper Arm retained 
noticeably higher stores of glycogen throughout the 
three summers than individuals in Gardiners Bay. 
Accunulation cf nutrients in and the eradual release 
from the large reservoir of fine sediments in the 
pond, entering in fresh-water seepage along the north 
bank and as runoff from Home Field, suggested a 
possible explanation for the excellent condition of 
the bivalves. We therefore considered a preliminary 
examination of “available” rather than total ions 
in these sediments. Korringa & Postma (1957) in- 
dependently estimated “available” organic matter 
of the water in ponds in the Mediterranean. 
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We are indebted to Dr. S. L. Tisdale, Soil Test- 
ing Division of the North Carolina Department of 
Agriculture, for carrying out these tests, and to 
Dr. N. T. Coleman, Department of Soils, North 
Carolina State College of Agriculture and Engineer- 
ing, for a further description of methods and a 
discussion of the application of results of tests in 
agriculture. “Available” phosphorus was determined 
by the method of Kittson and Mellon (Mehlich 1953) 
and includes only inorganic phosphorus. “Availa- 
ble” potassium was determined by means of a flame 
photometer (Mehlich 1953). Both ions were ex- 
tracted from sediment samples in a solution of dilute 
sulfuric acid and hydrochloric acid. The relation 
between “available” and total inorganic phosphorus 
and potassium varies over a wide range according to 
properties of soil, and the proportion of inorganic 
ions extracted by these methods may vary from a few 
per cent to almost all present in the sample. 

Organic matter was determined by the method 
of Walkley and Black (U.S. Dept. Agr. 1947) which 
involves a chromic acid oxidation of reducing sub- 
stances in the sample. The method determines the 
more decomposable part of organic matter, and thus 
excludes such fractions as elemental carbon and 
woody residues. Morgans (1956) finds the method 
suitable for estimation of organie carbon and con- 
siders that it recovers 75% of the “available” organic 
carbon available as food. This has not been taken 
into consideration in the values given in Table 3. It 


” 


TABLE 3. Distribution of certain ‘‘available’’ chemi- 
cals (dry weight) in sediments collected at eight dif- 
ferent stations (Fig. 25) in Home Pond, August 1955. 
Relative concentrations are plotted in Figure 26. 





Nitrogen (6% | 


Station Phosphorus Potassium organic matter) Organic 

mg/ 100g mg/ 100g mg/100g Matter % 
A 3.3 46.1 162 2.7 
ee 4.3 49.8 204 3.4 
a | 4.3 62.4 240 4.0 
B nedeed] 2.6 2131 54 0.9 
i aes 1.5 13.8 | 18 0.3 
F.. 2.4 18.4 18 0.3 
G na 23.1 18 0.3 
H 1.3 13.2 2 0.2 


is not known to what degree these chemical relation- 
ships can be applied in the study of estuarine and 
marine sediments, but they may serve a useful fune- 
tion as a starting point in such studies. 

Results of chemical analyses of 8 samples of sedi- 
ment from Home Pond (Fig. 25) are presented in 
Table 3. Figures for nitrogen represent 6% of the 
value for organic matter at each station and are 
recorded as milligrams of “easily oxidizable” nitro- 
gen per 100 grams of sediment sample. Values for 
phosphorus and for potassium are also for “availa- 
ble” quantities and are similarly expressed. To 
contrast quantities of these chemicals at each of the 
stations in histogram form in Figure 26, phosphorus 
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is plotted as mg/1000 g, potassium as mg/100 g, and 
organic matter as g/1000 g of sample alongside histo- 
grams for particle-size distribution at the same sta- 
tions. 

These data reveal conspicuously larger quantities 
of phosphorus, potassium, and organic matter as- 
sociated with fine sediments at Stations A, C, and E, 
than with other sediments. In muds, contrary to 
expectations, content of the three chemicals increased 
slightly from Stations A to E. In sands the chemi- 
cals were more concentrated at the head of the pond 
at Station B. With the exception of potassium at 
Station G, as the stations are subjected to increased 
scouring by waves and currents, the content of these 
chemicals decreases. Substantial quantities of these 
chemicals are present in Upper Arm, and in general 
are more abundant than in Lower Arm. 

High content of potassium, nitrogen, and phos- 
phorus at Station E is probably associated in part 
with surface drainage received at the northeast end 
of cne poad from .13.8-acre Home Field (Fig. 4). 
According to M. C. Gale and E. Keto (personal com- 
munications) Home Field has been cultivated off 
and on since about 1693, and is considered the most 
fertile on the island. During 1953-1955 about 1.5 
tons per acre of 5-10-5 fertilizer (N-P-K) were ap- 
plied to the field; pH of the soil during this period 
was 6.1. 

In 1953 Dr. W. J. Hanna, Department of Soils, 
New Jersey Agricultural Experiment Station, kindly 
analyzed a sample of sediment from Station A and 
one from Station G. Each of these samples was 
taken only at one spot at each station, was air 
dried, mixed, and extracted with sodium acetate solu- 
tion, and analyzed by the electrodialysis method. 
Results are presented in Table 4. On the basis of 


TABLE 4. Distribution of certain ‘‘available’’ salts 
in sediments collected at Station A, mud, and at Station 











G, coarse sand, in Home Pond, June 1953. Concentra- 
tions are given in mg/100@g sediment (dry weight). 
Compare with Table 3. 
Nitrogen | Nitrogen | Phos- | Potas- | Magne- | 
Station as NHa | as NOs | phorus | sium sium | Calcium 
Bigeauavacesesn ee <0.5 0.55 48.0 19.0 | 57.0 
| | 
G.. | 3.0 <0.5 0.65 18.5 | 10.0 34.0 
field-soil classifications, Dr. Hanna classified sedi- 


ments at Station G as moderately fertile, and muds 
at Station A as highly fertile. Values for potassium 
in Tables 3 and 4 are quite similar, whereas values 
for phosphorus in 1953 (Table 4) are significantly 
lower. 

The present store of sediments in Home Pond 
indicates that sedimentation has been taking place 
there for a long time, but because of a high rate of 
exchange there is probably a rapid loss into Gardi- 
ners Bay of nutrients evolved from sediments by 
chemical and biotie activity, as well as from roiling 
due to wind action (Stephenson 1949). To prove 


MELBOURNE ROMAINE CARRIKER 


Ecological Monographs 
Vol. 29, No.3 
beneficial to organisms in the pond this release, either 
as inert chemicals or as living protoplasm cultured 
on the surface of the bottom, must be taking place 
continuously and at a significant rate. 
BIOTIC ENVIRONMENT 

An effort to obtain a measure of the rate of 
production of oysters and Venus in Home Pond 
over the 3-yr period underlay our study of the pond. 
Condition of the flesh, rate of growth, and production 
of young were employed as indices of the suitability 
of ecological conditions in the undisturbed pond for 
growth and reproduction of these mollusks. These 
aspects will be considered in the following sections on 
the ecology of oysters and Venus after a brief ac- 
count of the biotic environment of the pond. In 
conclusion the role of predators in accelerating 
mortality rate of oyster and Venus populations in the 
pond and a study of the artificial exclusion of these 
predators will be considered. 

Before the almost complete eradication of eelgrass 
(Zostera marina) from the Atlantic Coast in 1931-32 
as a result of a wasting disease epidemic (Renn 
1936), Home Pond was densely vegetated by the 
plant. Eelgrass was replaced by widgeon grass 
(Ruppia maritima) which still covers much of the 
bottom of Lower Arm. For a number of years prior 
to 1917 Home Pond, as well as Great Pond and 
Bostwick Pond, was let on concessions to clammers 
who harvested Venus regularly. After this period 
Home Pond remained relatively undisturbed until 
1952-53 when some 30 bushels of Venus were raked 
from it. Setting of oysters occurred in some abun- 
dance annually to 1951 when a poor set materialized. 
In 1952 a dense set again took place which coated 
even the salt-marsh grass; that on the latter was soon 
lost because of instability of the substratum (Raynor 
and Gale, personal communication). 

At present margins of Home Pond are inhabited 
principally by an irregular bank of salt-marsh grass 
(Spartina alterniflora) bound solidly by byssuses of 
dense populations of ribbed mussels (Modiolus de- 
missus) overlying peat. Numerous one-, two-, and 
three-year-old oysters (Crassostrea virginica) grow 
on mussels above low water line. These oysters were 
present in 1953 and indicate survival over the pre- 
vious three years. Salt marsh on the south side of 
the pond is composed almost entirely of a pure stand 
of Spartina alterniflora, whereas on the north side 
this species is succeeded by others as the marsh be- 
comes more brackish (Taylor 1938) toward the up- 
lands. Muskrats (Ondatra zibethica) and field mice 
(principally Microtus pennsylvanicus) are numerous 
over the marshes, and the latter attract the black 
snake (Coluber constrictor) in conspicuous numbers. 
Deer (Odocoileus virginianus)’ have worn runways 
over the marsh especially on the north side of the 
pond. In winter large flocks of many species of 
geese and ducks congregate on the ponds, pock- 
marking shallower areas with their diggings. These 
birds are replaced during the warmer months by 4 
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sizable population of ospreys (Pandion haliaetus) 
which nest on the barrier beaches and bordering dead 
trees. 

Within the pond the dominant plant is Ruppia 
maritima which generously blankets most of the 
muddy bottom of Lower Arm. It is present only 
sparingly in Upper Arm just west of the Narrows. 
Small quantities of close-growing green, brown, and 
red macroscopic algae thrive on hard surfaces (shell, 
pebbles, cobbles, old piling). Fragments of larger 
algae such as Ulva and Fucus move in and out with 
the tide tending to accumulate in small quantities in 
the lower reaches of Lower Arm. Larger numbers of 
burrowing polychaetes, mud snails (Nassarius obso- 
letus), gem clams (Gemma gemma), and mud erabs 
(principally Neopanope texana); moderate numbers 
of green erabs (Carcinides maenas) and hermit crabs 
(Pagurus longicarpus) ; and lesser numbers of scallops 
(Aequipecten irradians), soft clams (Mya arenaria), 
razor clams (Ensis directus), surf clams (Spisula 
solidissima, only in the inlet), slipper shells (Crepi- 
dula formicata and C. plana), and jingle shells 
(Anomia simplex) are present especially in Lower 
Arm. <A few oyster drills (Urosalpinx cinerea) live 
principally in the inlet, apparently moving in from 
the bay where they exist in astronomic numbers. 
Only an occasional individual was discovered in Up- 
per Arm. We exercised great care to prevent intro- 
duction of more drills on oysters transplanted to the 
pond from the sounds. 

In summer large concentrations of blue crabs 
(Callinectes sapidus), fluctuating somewhat in abun- 
dance from summer to summer, moved in and out of 
the pond. They were accompanied by eels (Anguilla 
rostrata) and an oceasional diamondback terrapin 
(Malaclemys terrapin), horseshoe erab (Limulus poly- 
phemus), and schools of small fish. No sea stars 
(Asterias) nor moon snails (Polinices) were encoun- 
tered. 

Within the pond the most conspicuous year- 
round residents were oysters (Crassostrea virginica) 
and Venus (Mercenaria mercenaria). 


ECOLOGY OF OYSTERS AND VENUS 
DISTRIBUTION 


A rough survey in 1953 disclosed about 250 
bushels of oysters distributed as illustrated in Figure 














Fic. 27. Relative distribution of native oysters and 
Venus in Home Pond. Figures adjacent to areas out- 
lined by a broken line refer to number of bushels of in- 
troduced oysters planted there. 

27 on firm subtidal sandy bottom, on shell sinking 
in mud, on pebbles and cobbles, and on mussels along 
the shore. Specimens as long as 8.5 in were common 
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in Upper Arm. All size groups almost up to this 
length were represented in Lower Arm suggesting a 
rather continuous recruitment there, whereas in Up- 
per Arm large oysters predominated and only an 
occasional young one was found. The adductor 
muscele of old oysters was unusally tough. When re- 
moved from the pond these oysters retained water in 
their mantle cavities for noticeably longer periods 
than oysters harvested in Gardiners Bay. Early 
examination suggested that the largest oysters were 
over 30 yrs old, but subsequent growth studies demon- 
strated that growth is unusually rapid in the pond 
and these oysters were probably not over 10 yrs old 
(Fig. 28). Loosanoff (1953) demonstrated in his 
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Fic. 28. Photograph of a representative large oyster 
and a large Venus collected in Upper Arm. The oyster 
is 21.6 em (8.5 in.) long, and the Venus, 14.0 em (5.5 
in.). Note the heavy infestation of Polydora on the 
inner surface of the oyster. 


laboratory that larvae obtained from these old 
oysters are viable. Greatest concentration of oysters 
was localized in the upper reaches of Lower Arm 
in the vicinity of Station 2. 

On April 29-30, 1953, 250 bushels of 3- to 8-yr- 
old oysters from the salty waters of Long Island 
Sound off New Haven and from the shoal brackish 
waters of Wareham, Rhode Island, were shovelled 
uniformly from a boat over certain subtidal areas 
of hard bottom in Home Pond (see Fig. 27) to 
supplement native spawning stocks. Oysters at Sta- 
tion 4 were dropped on a submerged raft of logs and 
chicken wire resting on mud. 

Venus were widely distributed throughout Home 
Pond (Fig. 27). The densest population (several 
per sq ft) was located in the inlet where small seale 
harvesting was permitted. All year classes were 
present, younger classes being most abundant. Har- 
vesting did not deplete the population since Venus 
were dug with rakes which yearly removed only 
larger clams; raking did leave its mark on shells 
of a larger proportion of those whose mantles were 
injured by the raking. Lesser concentrations of 
Venus averaging about one per sq yd, were located 
over the remainder of the pond, except in the Nar- 
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rows and in the vicinity of Station 2 where denser 
groups were found. The density of young Venus 
decreased markedly from the inlet to the upper end 
of the pond where only an occasional one was ever 
dug. 

Particularly striking was the presence principal- 
ly in Upper Arm of a distinctive population of large 
very old Venus. These bivalves measured up to 5.5 
inches in length, and possessed excessively thick 
brittle shells and tough adductor muscles. The thick- 
ness of the valves and the number of close-set growth 
rings after the fourth to sixth year of age suggest 
that they had lived there for over 40 yrs (Fig. 28). 
Loosanoff (1953) clearly demonstrated that larvae 
produced by gametes from these old bivalves de- 
veloped normally to post-setting stages in his labora- 
tory. The isolated distribution of these old Venus 
cannot be explained with certainty. They may repre- 
sent individuals which set in Upper Arm when the 
inlet was located there many years before. Turner 
(1953b) describes the occurrence of a similar old 
population of uniform size along certain shoals in 
Nantucket Sound. 


CONDITION 

While the flesh of most oysters in Gardiners Bay 
became thin and watery after spawning, oysters in 
Upper Arm retained conspicuous quantities of glyco- 
gen. Those in Lower Arm presented an appearance 
intermediate between the two. With the exception 
of a period in late June and July oysters in Upper 
Arm could be described as unusually “fat,” and so 
full of glycogen as to fill solidly the shell cavity. 
During June and July, the stores of glyeogen dimin- 
ished; yet enough was retained to conceal the fully 
developed gonads entirely or almost completely. 
Venus in Upper Arm likewise were gorged with 
glycogen, indicating excellent food conditions for 
them there also. 

It is probable that high fertility of mud, inflow 
of nutrients in fresh-water seepage from surrounding 
woods and fields, and reduced exchange of water in 
Upper Arm promoted growth of food organisms. 
Dense concentrations of planktonic polychaete larvae, 
minute crustaceans, diatoms, flagellates, and other 
plankters in Upper Arm through the summer and 
fall, but particularly in the late spring, would cor- 
roborate this. 


GrowTH RaTE 

Under conditions prevailing during our occupa- 
tion of the area Home Pond provided a favorable 
environment for growth of both oysters and Venus. 
Oysters. In late August 1953, 100 introduced 

4. to 8-yr-old oysters were selected at random from 
the Narrows and another 100 from Station 4. The 
six fastest growing oysters in the sample from the 
Narrows had secreted a band of maximum width of 
new shell during the previous four months (May- 
August) averaging 20.7 mm, and those from Station 
4, one averaging 27.7 mm. An index of maximum 
growth rate was utilized since a small proportion of 
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transplanted oysters was affected by an unidentified 
disease prevalent at the time in Gardiners Bay and 
expressed little or no growth. In late June 1955 
another six of the faster growing introduced oysters 
in the Narrows were similarly selected. Range in 
length of these when transplanted was 93-140 mm 
(average 100 mm), and two years and two months 
later was 132-188 mm (average 153 mm). This was 
an average increase in shell length of 53 mm. The 
fastest growing oyster grew from 85 mm to 153 
mm, almost doubling its length in this period. Large 
native pond oysters demonstrated similar or better 
growth. Due to the shallow semi-enclosed nature 
of the pond the growing season, especially in the 
upper part of the pond where minimum circulation 
exists, begins earlier in the spring than in Gardiners 
Bay, and this in addition to the fertility of the pond 
is reflected in a proportionately greater growth of 
oysters there. This observation confirms Kerswill’s 
(1949) statement that oysters are affected little by 
moderately reduced circulation. 
Growth rate in young oysters was more rapid. 
By the end of August 1953 a sample of 857 spat, 
which started setting in Lower Arm after July 7 
when cultch was distributed, ranged in length from 7 
mm to 45 mm. Most of the summer’s set was left in 
the pond to provide a basis for additional growth stu- 
dies. Two years later (August 1955) the length of all 
oysters, a sample of 100 individuals, taken from five 
bushels of cultch in Lower Arm in deeper water just 
north of Pens 1 (Fig. 30) was measured. Forty 
per cent of the oysters fell in the 81-90 mm bracket, 
an average length of 85 mm. The smallest oyster 
measured 68 mm, and the largest 110 mm. Negligi- 
ble mortality took place. Thus in two years many of 


these bivalves had attained marketable size (Fig. 29). 
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Photograph of 2-year-old oysters (2.7-4.3 
raised in Lower Arm of Home 





Fig. 29. 
in,. 6.8-11.0 em, long) 
Pond. 


This growth rate is as fast or faster than that re- 
ported for oysters by Loosanoff (1947a), Beaven 
(1952), and McHugh & Andrews (1955). 

Venus. In order to study growth rate of Venus 
in the pond, we planted recently-set laboratory-reared 
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as well as a variety of wild older Venus in the inlet, 
in upright screened enclosures at Pens 1, 2, and 3 
(Fig. 30), and observed Venus which set naturally 
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Fig. 30. Distribution of cultch and Venus pen plant- 
ings in Home Pond. Figures outside the pond refer 
to number of ecultch bags in adjacent areas within the 


pond. 


in the inlet. Since Pratt (1953, 1956) has demon- 
strated that Venus living in sand grow more rapidly 
than those in fine sediments containing much organic 
matter, our plantings were made in relatively clean 
sand (compare Figs. 30 and 25). New growth 
was identified by means of shell notching and mark- 
ing with Volgers ink; in some cases seasonal growth 
was identified (and verified with marked Venus) 
by means of seasonal growth rings which were un- 
usually clear in rapidly growth Venus (Fig. 3°). 
Hopkins (1941) has shown that the growth-ring 
method of estimating age in this species is applicable 
during a considerable period of early growth and 
maturity when conditions favor continuous growth 
and shell formation. 

Laboratory-reared Venus. Laboratory culture is 
the only means at present by which newly-set Venus 
can be made available in quantity. Because of the 
closeness of the specific gravity of young Venus and 
sand grains of similar size it has been impossible to 
date to collect them in quantity in the field. Sellmer 
(1956) has successfully segregated Gemma gemma 
from sand by elutriation in a concentrated solution 
of zine chloride, but this method kills them. Adapt- 
ing the methods of Loosanoff and his associates 
(1954) to field laboratory conditions, we were able 
to rear Venus in the laboratory on Gardiners Island 
each of the three summers (Carriker 1956). Our 
efforts did not meet with wholesale success but we 
were able to rear enough recently-set Venus to study 
early life history and setting behavior (these results 
will be published separately), transplantation to field 
plantings, growth rate, and protection from enemies. 

Transplantation requires that newly-set Venus in 
laboratory culture jars be provided with a medium 
into which they may crawl and attach, which will 
serve to weigh them down when planted in the field 
and minimize losses via current transport, which will 
not crush or injure them during transplantation, and 
in which samples of them may be examined periodi- 
cally in the laboratory before and in the field after 
transplantation. The behavior of newly-set Venus and 
the long duration of the byssal stage during which 
they alternately attach and crawl (Carriker 1952, 
1956) was utilized in establishing a transplantation 
procedure. Our labo ratory culture made available 
newly-set Venus ranging in length from 166y to 
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1.05 mm. Fine sand of particle size up to 150p 
was scattered in a layer on the bottom of the culture 
jar to a depth about 10 times the length of the 
smaller crawlers. After Venus adjusted to this 
depth, more sand was added. In a few days the 
sand became more or less fixed in place by mucoid 
films and detritus. Crawlers were examined by 
screening portions of this sediment through a stain- 
less steel screen #150 which retained Venus and 
permitted sand to pass through. Planting in the 
field was performed by flushing crawlers and sedi- 
ments in a thin layer over the bottom during low 
slack water with a large bulb pipette. In deeper 
water best results may be obtained by pouring crawl- 
ers and sediments onto the bottom through a fun..el 
of desired tube length to reach bottom. When crawl- 
ers sink to the bottom most are attached to sand 
grains by means of the byssus. These simply re- 
adjust to the siphoning level, which they do with 
“ase since they are strong active crawlers. Those 
which have disenguged the byssus crawl about and 
then re-attach. Coarser sand may be added to cul- 
ture jars without harm before transplantation though 
this obviates separation of Venus for study. It is 
important that transplantation be carried out during 
slack water since many smaller Venus attach to 
near-microscopic clumps of detritus and this is readi- 
ly floated away by water currents. Indeed, this 
probability occurs anyway, and may be reduced some- 
what by scattering fine sand over recent plantings. 
To facilitate examination of samples of transplanted 
crawlers and eliminate separation through screening, 
we planted some Venus in small petri dishes of 
sediment and pressed these into the bottom in the 
field. These dishes could then be removed for micro- 
scopic examination without disturbing the occupants. 
In commercial plantations larger plastic trays already 
planted with crawlers might be utilized to supple- 
ment planting by broadcasting. 

In early September 1953 we planted 2,450 craw- 
lers ranging in length from 166 to 312u. These 
were reared in our Gardiners laboratory and planted 
in Pens 1 after the sediments there had been carefully 
screened for native sets of Venus. They were ex- 
amined again in June 1954 and August 1955. The 
mean length, curve G in Figure 31; length range, 
vertical lines; and survival, number of Venus in 
each sample near the vertical lines, portray the fate 
of this planting. During this period, about two 
years, these Venus attained a mean length of 28.8 
mm, and a length range of 20-36 mm. In August 
1954, 25,600 crawlers, 0.33-1.05 mm in length, also 
reared in our laboratory, were similarly planted out. 
A year later, because of excessive predation, only 
two of these were recovered, 4 and 7 mm in length. 

Dr. Loosanoff kindly contributed some 30.000 
young Venus ranging in length from 0.5 to 14 mm 
raised in his laboratory at Milford, Connecticut. The 
first group (curve M-1, Fig. 31) were spawned in 
mid-spring of 1953 and planted in Home Pond in 
June, one half in Lower Arm and the other half 
in Upper Arm under sheets of plastic screening. 
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Fic. 31. Cumulative growth curves of Venus reared 
then planted in Home Pond. 
represent mean length of the number 
of individuals in sample. The number of indi- 
viduals as expressed at the upper extremity of the 
vertical line. The length of the vertical line indicates 
the length range of individuals in each sample. Curves 
M-1, M2, and M-3 represent Venus reared in the Mil- 
ford Laboratory, and eurve G, in the Gardiners Island 
Laboratory. They were planted in Home Pond at times 
indicated along the abscissa. 
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During the subsequent three months predation by 
crabs through the screens was excessive. Mean length 
of survivors in Upper Arm exceeded that of those 
in Lower Arm by the negligible quantity of 2.3 mm. 
Survivors were transplanted to Pens 1 where growth 
at the end of two and a half years of age (August 
1955) averaged 46.2 mm, with a length range of 38- 
60 mm. Two more groups of Milford laboratory- 
reared Venus were planted in Pens 1 in 1954 
(M-2 and M-3, Fig. 31), and likewise grew moderate- 
ly well. 

Growth rate of laboratory-reared Venus was also 
studied in the inlet. About 3,100 raised in the 
Milford laboratory during the spring of 1955 were 
divided into five groups on July 1 (at which time 
they ranged in length from 4 to 26 mm) and planted 
in the following localities in the inlet and vicinity: 
(a) in sand in one-half of a float about 5 in below 
the surface of the water which rose and fell with 
the tides and through which water flowed impeded 
only be 0.5-in mesh hardware cloth, (b) in the other 
half of the same float, but without sand, (¢) unpro- 
tected in a gravel-sand bottom under 3 in of water 
at low water in the middle of the inlet, (d) unpro- 
tected in fine sand near Pens 1, (e) unprotected in 
soft black mud in a cove inside the inlet. A sample 
of each planting was notched. Fifty-six days later, 
August 25, the bivalves were harvested. Venus in 
(d) and (e) were almost entirely eliminated by pred- 
ators. Growth expressed by 21 notched Venus in 
(a), 34 in (b), and 26 in (ce) was measured and is 
tabulated in Table 5. 

Wild Venus. In a second series of growth studies 
planned to demonstrate which portions of the pond 
provide optimum growing conditions for Venus, we 
utilized some 10,100 wild clams ranging in length 
We are indebted to Mr. H. N. 


from 2 to 40 


mm. 
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TABLE 5. Growth rate of laboratory-reared (Mil- 
ford) Venus in Home Pond Inlet during July and August 
1955. 





|Length of survivors| Length of survivors; Mean 
when planted, mm|2 months later, mm| increase 





Habitat | ~ dl ae 
| Length | Mean | Length | Mean | length, 
range length | range length | mm 
Float, clear 17-25 21.8 28.6 6.8 
Float, sand 18-24 22.1 31.6 | 9.5 
Bottom, | 
gravel. 18-25 22.3 31.3 | 9.0 
Gibbs, Barrington, Rhode Island, and Mr. Dana 


Wallace and Mr. Robert Dow of the Department of 
Sea and Shore Fisheries, Maine, for contributing a 
large proportion of these. The remainder were col- 
lected in Great Pond, Bostwick Pond, and Home 
Pond, Gardiners Island. The Maine clams were 
gathered in the vicinity of Bath: 1-yr-old Venus were 
harvested in Coffins Creek, a figure-shaped arm of 
Quohaug Bay, in concentrations of 450 to 550 per 
sq ft of bottom; 5-yr-old Venus, much stunted be- 
cause of competition for space and probably food, 
were obtained in Brighams Cove where concentra- 
tions of 200-300 per sq ft were found. To our 
knowledge native densities of Veuus of this magni- 
tude have been reported only for certain regions in 
Maine where a few coves exist which appear to act 
as concentrating areas (Moulton & Coffin 1954). 
The writer has never encountered densities even 
approaching these in New Jersey, Gardiners Island, 
or Morehead City, North Carolina. 

These wild Venus were planted in Pens 1, 2, and 
3. Growth data are graphed in Figure 32 (see Fig. 
30 for location of pens). Unfortunately ice de- 
stroyed Pens 3 in Upper Arm during the winter of 





Inlet ~ Curve 5 
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Pens 2~-Curves 1,58 















1954 1955 


Fig. 32. Cumulative growth eurves of wild Venus 
over 5 mm in length planted in Home Pond. Average 
length when planted: l-year-old Maine Venus, 10 mm 
(Pens 1, curve 2; Pens 2, curve 1); stunted 5-year-old 
(Pens 1, curve 6; Pens 2, curve 
5); stunted 5-year-old Maine Venus, 30 mm (Pens 1, 
curve 7; Pens 2, eurve 8); native Gardiners Island 
Venus, 16 mm (Pens 1, curve 4); native Home Pond 
Inlet Venus growing in the inlet, 12 mm. Data is 
plotted as in Fig. 31. 
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1953-54, eliminating this portion of the experiment. 
It was possible to extend the study represented by 
curves 6 and 7 in Figure 32 for a second year, 1954- 
55. 

In addition a random sample of 40 Venus which 
set in Home Pond Inlet during the summer of 1953 
was harvested in August 1955. The seasonal growth 
rings on these were sufficiently clear (Fig. 33) to 








UU UUUUUUU UU UU UL TTT uuu VUUUUDUE 
LY Aa a 
Photograph of fast-growing Venus raised 
Ink lines parallel to growth rings 


Fig. 33. 
in Home Pond Inlet. 
suggest annual growth increments. 


permit measurement of the length of these animals 
at the end of the first, second, and third summers of 
growth (Hopkins 1941). Thus with the exception 
of occasional raking by us in the inlet, these Venus 
went unmolested during the two years and a summer 
of their growth period (Curve 3, Fig. 32). 

Mean annual increase in length of populations 
of Venus in Pens 2 during 1953-54 was: 1-yr-old 
Maine (Curve 1, Fig. 32) 15.1 mm; 5-yr-old Maine 
(Curve 5) 20.9 mm, (Curve 8) 19.7 mm; in Pens 
1: l-yr-old Maine (Curve 2) 13.2 mm; 5-yr-old 
Maine (Curve 6) 16.4 mm, (Curve 7) 13.9 mm; 
Gard ners (Curve 4) 15.6 mm; in Home Pond Inlet: 
Gardiners (Curve 3) 24.3 mm. During 1954-55 one 
lot of 5-yr-old Maine Venus in Pens 1 (Curve 6) 
grew an additional 12.0 mm, and another lot (Curve 
7) 10.3 mm; Gardiners Venus in the inlet (Curve 3) 
added an additional 18.3 mm. 

Data on growth rate of Venus in the pond clearly 
demonstrate that under conditions prevailing during 
these experiments conditions for growth ranged from 
favorable to exceptional. Maximum growth occurred 
consistently in the inlet (Curve 3, Fig. 32; Table 5). 
In two years and a summer native inlet Venus grew 
to a mean length of 55 mm, the smallest being 43 
mm and the largest 71 mm in length. Growth rate 
in Pens 1 was intermediate between that in the inlet 
and at Pens 2. At least in curve M-1 (Fig. 31) 


slightly better growth occurred in Upper Arm than 
also that laboratory- 
well as wild Venus 
31 and 32). 


in Lower Arm. It is clear 
reared Venus grew at least as 


when planted in the pond (Fig. Venus 
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in the float (Table 5) grew slightly better when 
allowed to burrow in sand and more rapidly than 
Venus in the bottom. Kerswill (1941, 1949) obtained 
similar results. As has been demonstrated by most 
earlier investigators in this field, young Venus (uti- 
lizing length as a measure in this case) grew at a 
faster rate than older ones, though 5-yr-old stunted 
Maine individuals grew faster than younger ones. 
On the whole, growth rates of Venus in Home Pond 
were similar or superior to those reported for other 
areas along the Atlantie Coast (Belding 1912, Chest- 
nut 1952, Gustafson 1955, Haskin 1949, Kellogg 1903, 
Kerswill 1941, 1944, 1949, Pratt 1953, 1956). Where- 
as maximum growth rate of oysters was observed 
in Upper Arm, that of Venus oceurred in areas of 
maximum flow of water, as in the inlet and Narrows, 
an association emphasized as early as 1912 by Beld- 
ing (1912). Belding, like Pratt (1956), also associ- 
ated rapid growth with abundant food. High 
fertility was reflected in the relatively good growth 
of Venus throughout the pond; no stunted natives 
were found. More rapid growth rate in the inlet 
than in Pens 2 may also be associated with coarser 
sediments (Fig. 25, 26), an example of Pratt’s 
observation (1956) that Venus growth in his studies 
was slower in sediments with the higher proportion 
of fine grains. Since sediments at Pens 1 and 2 are 
very similar, it is more probable that other factors 
such as volume of water flow and food were con- 
cerned. Venus grew well even in the more sluggish 
reaches of the pond, confirming Kerswill’s (1949) 
observations that they grow in proportion to the 
extent of circulation but can survive and grow signifi- 
cantly in very little water flow, and Turner’s (1953a) 
report that Venus grew moderately well in still water 
in the presence of abundant phytoplankton in out- 
door concrete tanks. 

An obvious possibility in the utilization of salt- 
water ponds for culture of commercial species of 
bivalves, especially where native sets are sparse, is 
to supplement native sets with early post-setting 
stages reared in the laboratory. The suecess of 
plantings of laboratory-reared Venus in Home Pond 
suggests that this possibility be given serious con- 
sideration. 

SPAWNING 

Oysters. Extent of pre-spawning development 
of gonads was determined macroscopically by visual 
examination of and bisected surfaces of 
gonads of freshly opened oysters. Gonadal develop- 
ment of native Home Pond oysters followed a similar 
schedule during the three summers, and was con- 
spicuously accelerated by the relatively high water 
temperatures in the pond (Fig. 24). Development 
started earliest in Upper Arm where by the middle 
of May it was already pronounced. By the end of 
May all native oysters in the pond possessed fully 
developed gonads. During the first week in June 
slight spawning started in Upper Arm.  Aetive 
spawning, as indicated by appearance of straight- 
hinge oyster larvae in pond water, began the last 
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week in June and continued through July into 
middle August. Some oysters in Upper Arm com- 
pleted spawning in late July and by the end of 
August were completely spent. Introduced oysters 
did not attain fully developed gonads the first sum- 
mer until the second week in June when spawning 
commenced. Gonadal development of oysters in 
Gardiners Bay, where lower water temperatures 
prevailed, lagged behind that in Home Pond by about 
a month. Others (Bouchon-Brandely 1882, Cole 
1937, 1939, Dean 1892, Fagerland 1945, Gaarder 
1932) also report that oysters spawn readily in salt 
ponds. 

Venus. As Loosanoff (1937) has demonstrated, 
gonadal development in this bivalve begins in the 
fall after the summer spawning period, in con- 
trast to the oyster which in Long Island Sound enters 
the resting stage soon after completion of spawning 
and remains sexually inactive until the following 
spring. In Home Pond, as indicated by presence of 
Venus larvae in the water, bulk of spawning in upper 
reaches occurred in May. Sporadic and insignifi- 
cant spawning took place through the summer with 
slight optima in July and August. In 1955 the 
August spawning was a sizable one and commenced 
apparently after gonads had developed from the 
previous full late spring spawning. 


MoveMENT, GROWTH, AND SurRvVIVAL OF LARVAE 

The veliger stage constitutes the most vulnerable 
one in the ontogeny of the oyster and Venus. Thus 
potential utilization of a pond community for culture 
of these bivalves calls for information on movement, 
viability, growth rate, and survival of their free- 
swimming larvae in it. 

No reports are available on a quantitative study 
of movement of these larvae in relation to circulation 
in a pond as small as Home Pond. But movement 
of oyster larvae in a number of larger estuarine 
systems has been studied carefully. Earlier studies 
are reviewed by Carriker (1951a). Subsequent in- 
vestigators (Pritchard 1952, Manning & Whaley 
1954) having new information on circulation patterns 
in estuaries (Pritchard 1951) were able to correlate 
long distance larval migrations with physical move- 
ment of water masses. No research has been per- 
formed since the report of Nelson & Perkins (1930) 
on the vertical movements of oyster larvae in response 
to salinity gradients and accelerating water currents. 
Recent investigations confirm somewhat uniform ver- 
tical distribution of early veliger stages, followed by 
a tendency for aggregation of older stages in deeper 
more saline layers of water where they passively 
accept transport up the estuary in net nontidal flow. 
Rogers (1940) indicated that a high rate of exchange 
in a small estuary would transport a large fraction 
of plankton out of the estuary. 

Much less research has been performed on larval 
movements of Venus. The writer (1950b, 1952) 


studied vertical and horizontal distribution of Venus 
veligers in Little Egg Harbor, New Jersey, where 
larval broods tended to remain in the same water 
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mass into which they were spawned, and showed a 
slight tendency to assume a higher position in the 
vertical column at night. Since negligible fresh water 
flows into this embayment, and the larval life history 
there was found to last about one week, it is not 
surprising that no horizontal nontidal movements 
on the part of the larvae were discovered. 

In order to observe abundance and movements of 
oyster and Venus larvae in Home Pond, and inci- 
dentally to gain information on viability, growth rate, 
and survival, we established four sampling stations 
evenly distributed along the long axis of the pond 
(Stations 1 to 4, starting at the inlet) and a fifth 
one outside the pond in Gardiners Bay off an old 
pier (designated “dock,” Fig. 4). Fifty-liter plank- 
ton samples (taken in an 18xxx plankton net with 
bucket) were collected at each station approximately 
every other day during the summer of 1953; there- 
after sampling was reduced principally to the inlet 
and Station 4. Since the pond is shallow and vertical 
stratification studies demonstrated that in general all 
stages of the larvae occurred most abundantly near 
the surface (Fig. 35), most samples were collected 
within a vertical column extending from the surface 
of the water to a depth of approximately 1 ft. 
Water was poured from a 10-1 pail into a plankton 
net held partially submerged in water over the side 
of a rowboat. For sampling deeper strata, a small 
bilge pump was secured to the side of the rowboat 
by an adjustable clamp which permitted adjustment 
of the intake to desired strata. Observations on 
water temperature, salinity, winds, weather, and oc- 
casionally current velocity, were made concurrently. 
During the first summer sampling was performed 
principally during high water periods at all 5 sta- 
tions. This facilitated analysis of Gardiners Bay 
water which entered the lower reaches of Home 
Pond during the flood and pond water impounded 
in upper reaches of the pond by the flooding tide. 
During the second and third summers sampling was 
limited generally to low and to high water periods at 
the inlet, since, based on the first summer’s studies, 
inlet samples served as an index of larval concen- 
tration in. the pond and in water immediately outside 
the inlet in Gardiners Bay. 

Plankton samples were flushed into glass- 
stoppered jars with a bulb pipette and preserved in 
neutralized 2% formalin (Carriker 1950a). Within 
a few days these samples were washed through 
nested stainless steel screens number 325, 250, and 
100, with fresh water. The screens segregated oyster 
veligers into the length ranges: “early,” 50-90p; 
“medium,” 90-200u; and “late,” 200u-setting (about 
300u). Venus larvae, all sizes retained on screen 
number 250, were segregated visually into two length 
groups: “early,” 90-140u.; and “late,” 140u-setting 
(about 200%). This is readily accomplished since at 
a length of about 140% umbones begin to project 
conspicuously beyond the hinge line. Fractions of 
larvae held on each screen were flushed one at a 
time into a coneave swirling dish in which lighter 
floating materials were removed. As a test on ac- 
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curacy of the method, washings were poured occa- 
sionally into a settling glass and sediment in this 
examined for veligers which might have escaped in 
the swirling technic. For the most part oyster and 
Venus larvae in each 50-1 sample were counted under 
a binocular microscope at magnifications ranging 
from 25X to 35X. On rare occasions when unusually 
large concentrations were encountered in samples, 
fractionation counts (5 ce aliquots of a well-shaken 
50-1 sample concentrated to 100 cc) were resorted to, 
and these were checked by duplicate counts. 

Oyster Larvae. Presence of an abundance of 
these larvae during the three summers greatly en- 
hanced the productivity of our investigations. Un- 
doubtedly a part of this abundance was contributed 
by oysters introduced by us in the late spring of 1953. 

During the summer of 1953 sampling was carried 
out approximately every second day at most stations 
(Fig. 34). Because of the circulation pattern in the 
pond, larvae originating within the pond were most 
abundant in Upper Arm, this in spite of the fact 
that maximum concentration of adult oysters was 
located in the upper portion of Lower Arm. At 
Station 4 early stage larvae appeared in large num- 
bers from late June to the end of July. Middle 
stages were less abundant and appeared a few days 
after peak concentrations of early stages larvae. 
Only a few late stage larvae were retained. It was 
not possible to determine length of larval life within 
the pond, but because of relatively high temperatures, 
especially in Upper Arm (Fig. 24), it would be less 
than the two weeks at temperatures 24-27° C re- 
ported by J. Nelson (1909) for Little Egg Harbor, 
New Jersey. Early stage larvae originating in Gardi- 
ners Bay, as represented by veligers moving past 
the dock, first appeared in peak concentrations at 
high water on July 20, when 2,450 straight-hinge 
larvae per 100 1 were collected. Two days earlier 
maximum concentration of  straight-hinge larvae 
found in the pond during the summer, 1,040 per 
100 1, was taken at Station 4. The combination of 
both peaks of concentration produced the interesting 
series of modes up the long axis of the pond on 
July 20. It is significant that eyed larvae (ready- 
to-set), presumably originating in Gardiners Bay, 
were found only in samples taken at the dock (July 
22-28). Four separate broods in which concentration 
of oyster larvae in Home Pond exceeded 1,000 per 
100 1 appeared on July 4, 12, 18 and 20; the densest 
sample contained 1,324 larvae. 

These data on oyster larval distribution confirm 
results of the study of water movements in Home 
Pond. Oyster larvae appeared consistently, and 
occasionally in large numbers, over a period of about 
3 months in Upper Arm. Here large broods were 
spawned into a limited confined body of water; 
probably greater numbers of larvae originated in the 
Vicinity of Station 2 where maximum concentration 
of spawning adult oysters was centralized, but were 
soon swept into Gardiners Bay. Large broods of 
larvae originating in the vicinity of Station 4, and 
not augmented by subsequent spawnings, were diluted 
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Fig. 34. Distribution of the larvae of Crassostrea 
virginica in Home Pond and vicinity during the summers 
of 1953, 1954, 1955. Logarithms of larval densities of 
early, medium, late, and eyed stages are plotted aganist 
time (see text for dimension of larval stages). All 
densities plotted for 1953 represent larvae collected only 
during high water at the dock and at the four stations 
within the pond; all larval densities for 1954 and 1955 
represent larvae collected only at the inlet (Station 1) 
during both low and high water. 


to insignificant densities in about 5 days by exchange 
of bay water with pond water (see Fig. 34: July 
4, 12, 18, 30, and August 15). Mortality rate, espe- 
cially from loss to filter-feeding organisms, is unusual- 
ly high in bivalve larvae; but the curve for mortality 
rate would not normally appear so steep, nor of 
such consistent duration as indicated here. The 
relative scarcity of late stages and complete absence 
of eyed stages in the pond throughout the summer: 
and the appearance of eyed stages at the dock in 
late July further suggest the rapidity with which the 
larvae are removed from Home Pond. 

When the average number of oyster larvae of all 
stages per 100 1 for each of three different periods 
during the summer (June 26-July 8, July 10-16, 
July 18-August 5, 1953) during which conspicuous 
broods of larvae appeared in Upper Arm is plotted 
for each station (Fig. 36), curves are obtained which: 
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samples were pumped two inches below the surface, 


bottom samples 3-6 inches above the bottom, and the 
middle sample at an intermediate depth. Each point 
on the curves represents all larvae present in the sample, 
and on these days ranged in length from 57 to 200u. 


further illustrate the dissipation of the larvae from 
the pond. During the first two periods, June 26- 
July 8 and July 10-16, no larvae appeared in Gardi- 
ners Bay and the curves fall rapidly from the upper 
end of the pond to the dock. During July 18-August 
5, however, a large brood appeared in the bay which 
partially augmented another large brood which ap- 
peared in the pond two days previously. 

At least during 1953, heavy spawning in Home 
Pond preceded that in Gardiners Bay by about 3 
wks, and that in Long Island Sound (Loosanoff & 
Engle 1940) by about 1 wk. These data also indicate 
that only when a relatively large dense brood of 
ready-to-set oyster larvae are transported into the 
vicinity of Home Pond Inlet by appropriate water 
movements and favorable winds, and thence floated 
into the pond, are extensive sets likely to occur. The 
heavy set of 1952 reported by Raynor probably re- 
sulted in the coincidence of such favorable conditions. 

During the summer of 1954 early- and middle- 
stage oyster larvae appeared in the pond from mid- 
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liters of all stages for each station (dock in Gardiners 
Bay, Stations 1-4 in Home Pond) for each of three dif- 
ferent periods during the summer of 1953 (June 26- 
July 8, July 10-16, July 18-August 5) during which 
conspicuous broods of larvae appeared and were dis- 
sipated rapidly by exchange. Distribution of different 
stages of larvae for these same periods ean be seen in 
Fig. 34. 


June to mid-August; no late stages were evident 
(Fig. 34, low water curves). Rapid decrease in 
density of large broods soon after initial appearance 
is indicated by curves for both early and middle 


stages. During high water (representative of bay 
conditions) larvae which floated by the dock were 


mostly middle stages; peak concentrations appeared 
in late July, the only time that eyed larvae could be 
found. Density of oyster larvae in surface waters 
of Fireplace oyster beds in Gardiners Bay was 
studied weekly from late June to the end of August 
of this year to provide a comparison for distribution 
of larvae in the vicinity of the pond. On June 28, 
90 early stage larvae per 100 1 appeared over Fire- 
place grounds; thereafter densities remained very 
low, 2 to 6 larvae per 100 1, and these appeared be- 
tween July 19 and August 8. Presence of larvae 
in waters of Gardiners Bay across the bay from 
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Home Pond, though in far lesser concentrations, 
coincided with their appearance during high water 
in the lower reaches of Home Pond; and proved that 
oysters in the bay were producing larvae, a point 
which had been questioned by local oystermen. 
During the summer of 1955 low water samples 
demonstrated that spawning in Home Pond occurred 
between mid-June and mid-July; a small spawning 
took place in early August. High water samples 
showed that a rather early spawning brought a dense 
brood of early stage larvae (1,020 per 100 1) in the 
vicinity of the dock on July 2, but middle stages 
were scarce and no late or eyed stages ever appeared. 
On July 2, 1955, when maximum numbers of 
oyster larvae for the summer appeared on the flood 
tide (Fig. 34), distribution of larvae at the surface 
in the inlet was followed through the cycle of a tide 
(Fig. 37), and related to surface salinity and tem- 
perature (Fig. 22) and intertidal depth and surface 
current velocity (Fig. 10). Larvae were predomi- 
nantly early stages; only 16 middle-stage larvae ap- 
peared—and these entirely during the flood. An 
average of 100-150 larvae per sample entered the 
inlet during the morning flood tide. During the long 
ebbing tide concentration of larvae dropped con- 
sistently until about 1500 hrs when a slight increase 
occurred, probably from larvae originating in the 
pond. Continuous drop in density during the ebb 
probably represented loss of larvae to filter-feeding 
animals. Within a half hour after the afternoon 
tide started flooding, a conspicuous increase in con- 
centration of larvae was noted, counts ranging from 
450 to 1,180 larvae per 100 1. This inerease identi- 
fied the appearance of a new mass of water (water 
other than that which ebbed from the pond) and 
demonstrated again what a small proportion of water 
leaving the pond returns to it on the subsequent flood 
Fluctuations in current velocity accompanying 
the tide cycle (Fig. 10) and increasing temperatures 
on the ebbing tide as the day wore on (Fig. 22) did 
not appear to influence the number of larvae passing 
through the inlet. Salinity changes were negligible. 
The average number of oyster larvae collected at 
each of the 5 stations per 100 liters of water during 
the three summers (averages based only on samples 
taken when oyster larvae were present in the general 
area) suggest that these larvae were more abundant 
during the summer of 1954 than during either 1953 
or 1955: at high water in 1953: Dock, 131; Station 
1, 34; Station 2, 70; Station 3, 100; Station 4, 212; 
at high water in 1954: Station 1, 50; at low water 
the same year at the same station, 104; and at low 
water in 1955, also at Station 1, 34 oyster larvae per 
100 liters of water. Descriptions of some physical 
environmental factors during these summers is given 
in Figures 7 (tides), 12 (salinity and precipitation), 
and 24 (temperature). Excessive rainfall during 
August of each summer accelerated flushing of larvae 
from the pond; there is some suggestion of this in 
Figure 34, and more convincing data in a later 
section on Venus larvae. Salinities did not exceed 
the limits of tolerance of the larvae only because of 





tide. 
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Fig. 37. Distribution of all stages of oyster and 
Venus larvae at the surface in Home Pond Inlet through 
the cycle of a tide, July 2, 1955. Actual time is given 
at the top of the figure; relative time is presented at the 
bottom for ease in comparison with figures on hydro- 
graphic data collected simultaneously: Fig. 10, intertidal 
depth and eurrent velocity at the surface; Fig. 22, sur- 
face salinity and surface temperature. 


the inlet which made possible rapid exchange with the 
bay. Closure of the inlet before a period of heavy 
precipitation would impound fresh water on the sur- 
face. Whether oyster larvae would remain in deeper 
more saline strata as do larvae of Ostrea edulis in Nor- 
wegian pools (Gaarder & Spiarck 1932) is not known. 
However in a shallow pond like Home Pond, wind 
action would soon mix the water, and several periods 
of rainfall would lower salinity to low levels in all 
vertical strata. During rainfall of 5.3 inches a 
volume of fresh water about 214 times the volume 
of the pond at mean high water would fall on the 
pond, salt marsh, and pond watershed. In view of 
conditions in Tobacecolot Pond it is doubtful that 
evaporation could keep pace with precipitation over 
the period of a summer of normal rainfall if the in- 
let remained closed. 

So far as could be ascertained appearance of 
larval broods in the pond was not related to tidal 
or lunar cycles. Nor does comparison of Figures 
34 and 24 disclose any obvious simple relation be- 
tween appearance of peaks of oyster larval broods 
and temperature maxima and minima after the onset 
of spawning, except that in some cases elevations 
in temperature after periods of low temperatures are 
associated with appearance of larvae. Prytherch 
(1928) in a study of abundance and distribution of 
oyster larvae in Milford Harbor, Connecticut, con- 
cluded that they remain on the bottom during the 
greater part of the larval period and by limiting their 
swimming activities to those phases of the tidal cycle 
when minimal tidal currents exist, are able to remain 
and set in the vicinity of their parents. Studies in 
Home Pond, as found also by Loosanoff (1949) in 
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Long Island Sound, indicate that larvae do not 
descend to the bottom during periods of rapid tidal 
flow and are consequently widely dispersed by tidal 
currents. 

Venus Larvae. Bulk of spawning of Venus in 
Home Pond occurred during the late spring. Ran- 
dom samples collected during mid-May in 1953 and 
in 1954 contained as many as several thousand larvae 
per 100 liters of water, a small proportion of which 
were late stages. Throughout the first two summers 
and early part of the third summer larvae appeared 
sporadically and in inconspicuous numbers. Because 
larval counts were generally so low, data for each 
summer were divided into two categories and plotted 
as shown in Figure 38. Larvae appearing during 
high water at the dock and at Stations 1, 2, and 3 
in the pond were considered to have originated for 
the most part in bay water outside the pond; larvae 
collected during high water at Station 4 and at all 
stations in the pond during low water were con- 
sidered to have originated within the pond. Data 
in Figure 38 indicate two possibilities: either many 
larvae returned to the pond, or in many instances 
they appeared simultaneously in both areas. Water 
movements suggest that the latter is more probable. 
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mercenaria in Home Pond and in Gardiners Bay im- 
mediately outside the pond. Samples pumped during 
high water at the dock and at Stations 1, 2, and 3 
probably represnt larvae originating outside the pond; 
and high water samples at Station 4 and all low water 
samples within the pond, larvae originating within the 
pond. 


In certain instances (June 1953) small quantities of 
larvae appeared only in the pond. 

An unusual combination of environmental and 
biotic circumstances during’ August 8-15, 1955, made 
possible study of the distribution and movement of 
large numbers of Venus larvae in Home Pond and 
simultaneously the effect of a hurricane and unusual 
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volumes of rainfall. Samples were collected at low 
water and generally at 24-hr intervals. Associated 
with a period of high temperatures (Fig. 24) Venus 
larvae began to appear in Upper Arm on August 8 
and 9 (Fig. 38, 39). By August 11 maximum con- 
centrations of 1,250 larvae per 100 1 appeared at 
Station 4, apparently also spawned by old Venus 
in Upper Arm. Figure 39 represents distribution 
of larvae at the surface. Vertical studies throughout 
the pond demonstrated that during the period 
younger stages without exception aggregated near the 
surface; older stages, in 2 of 8 vertical studies, 
occurred in greater abundance in bottom strata. 
Histograms for August 11 (Fig. 39) illustrate how 
rapidly density of larvae diminished down the long 
axis of the pond toward the inlet. On this day wind 
was blowing with moderate intensity from the south- 
east, and larvae were concentrated in maximum 
numbers along the northwest reaches of Upper Arm. 
The down-pond gradient of larval densities may be 
explained by the high rate of exchange. Heavy 
rains (4.22 in in 24 hrs) fell during most of the 
night and day of August 12 accompanied by light 
to strong northeast winds. Plankton samples for 
this day were collected in the early afternoon. By 
this time flushing action of rainfall in addition to 
excessive mixing of water by strong winds had 
greatly accelerated tidal transport of larvae from 
the pond into the bay, and the peak of larval con- 
centration had moved to Station 2. Rain continued 
to fall during August 13 (1.05 in) and the periphery 
of hurricane “Connie,” with maximum southeast winds 
of about 35 mi per hr, passed over the pond. Very 
few larvae remained in the pond by this time (Fig. 
39). On August 14 and 15 the weather cleared, and 
only a scattering of Venus larvae could be found in 
Upper Arm. 

Venus larvae reach setting size in the field in 
approximately a week (at a length of about 200z, 
Carriker 1950b). Thus it was possible to approximate 
the length of time that larvae remained in Upper 
Arm by checking larval dimensions. On August 12 
and 13 an occasional larva measuring 185 to 190p 
in length was found, suggesting that of the large 
initial population only a few had eseaped transport 
into the bay for almost a week. At no time during 
the summer of 1953 when systematic sampling was 
carried out every second day in Upper Arm were 
Venus larvae as large as these found. The largest 
oyster larvae encountered then (and they normally 
reach the setting stage in about 2 wks) were no 
longer than 2404. Thus even in calm weather trans- 
port of larvae out of the pond is too rapid to 
permit any number of them to set inside (compare 
with Fig. 11). Dilution of pond water by excessive 
rainfall during this period (Fig. 13-17) did not 
affect Venus or oyster larvae adversely in Upper 
Arm, since they were collected daily there, though in 
much reduced numbers, for several days after the 
storm. 

Venus larvae were followed through the cycle of 
a tide in the inlet on July 2, 1955 (Fig. 37), con- 
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Fig. 39. Distribution and movement of an unusually 
large brood of Venus larvae originating within Home 
Pond. Units on the histograms represent density of 
larvae per 100 liters of water. 


eurrently with a similar study of oyster larvae, and 
at a time when Venus larvae were not abundant 
(Fig. 38). The study demonstrated that Venus 
larvae, though present in low densities, were widely 
and uniformly distributed in the area. The sudden 
drop in numbers at low water at 1630 may be ex- 
plained by loss to filter-feeding organisms in the 
pond. 

It is clearly evident, then, as with oyster larvae, 
that Venus larvae setting in Home Pond must for 
the most part be ready to set when they enter the 
pond from the bay. But since Venus larvae exhibit 
a planktonic existence of about half the duration 
of that of the oyster, the chance that Venus larvae 
originating in the pond will set in the pond is 
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thereby greater than for the oyster, particularly 
during periods of low tidal amplitudes when mini- 
mum exchange occurs. 

Korringa & Postma (1957) observed that, al- 
though adult mussels spawn in ponds along the 
Mediterranean coast, no setting oceurs within them. 
Larval distribution was not studied, so degree of 
dispersal of larvae originating in the ponds is un- 
known. Since tidal amplitude is so low in this 
region, it is doubtful that exchange would eliminate 
a very large proportion of the larvae. The authors 
consider lack of suitable objects for attachment 
and/or poor ecological conditions in the ponds 
during the summer as an explanation for the 
lack of setting. Rogers (1940), Ayers (1956), Bar- 
low (1955), and Ketchum (1954) emphasize the role 
of circulation in estuaries and embayments in de- 
termining the rate at which a planktonic population 
must reproduce in order to maintain itself within 
the body of water. Our investigations in Home Pond 
strongly suggest that for the most part oysters and 
Venus are unable to maintain themselves there with- 
out recruitment from Gardiners Bay. 


SETTING AND SURVIVAL OF YOUNG 

Since density and distribution of post-planktonie 
stages provide information on the fate of free- 
swimming larvae, we studied the distribution of 
oyster spat and juveniles of Venus on a large scale. 

Oysters. We wished to benefit in two ways from 
investigations on setting of oysters to learn as much 
as possible about frequency, density, and survival of 
spat; and, encouraged by Raynor’s report of occa- 
sional dense sets in the pond in the past, to obtain a 
commercial set. 

To provide information on distribution of set on 
a pilot scale, we placed sample ecultch bags at the 
dock and Stations 1-4. At each station a chicken- 
wire bag containing a few clean shells was placed 
on the bottom and another was suspended just below 
low water level. Marked shells were replaced weekly 
throughout the summer and examined for spat under 
the binocular microscope. In addition old concrete 
posts were placed vertically at each station. 

In anticipation of large scale setting of oysters, 
clean bleached shell was packed in one-bushel 
baskets of one-inch mesh double-weight chicken 
wire at the J. & J. W. Elsworth plant in Greens- 
port and ferried to Gardiners Island, where 3,700 
bushel bags were stacked in piles along the inlet 
and lower landward shores of Home Pond. On 
July 7-8 and 29-30 when oyster larvae were present 
in substantial numbers in the pond (Fig. 34) cultch 
bags were distributed over the bottom of the pond 
as illustrated in Figure 30. Bags were transported 
from the banks on flat-bottomed boats and manually 
placed in double rows on firm bottom, the bags rest- 
ing against each other in an upright position. Rows 
were distributed in a variety of patterns to demon- 
strate any relation which might exist between posi- 
tion of cultch rows, direction and rate of tidal flow, 
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Fic. 40. Horizontal and vertical distribution on August 29, 1953, of oyster spat in Home Pond which 
had set in the period between July 7 and early August, 1953. Vertical distribution of spat for each area 
designated by a Roman numeral is given in the accompanying histogram as the average number of ma- 
croscopic spat per 20 oyster shells (both sides.) The average number of spat per 20 shells for each area as 


whole is given at the bottom of the figure. 


and distribution of set. Cultch bags were placed 
in upright pairs in order to provide space for 
optimum flow of water over maximum shell-surface 
area, and in addition at each area the cultch bags 
were placed at various distances from shore to pro- 
vide a vertical surface from deepest water to high 
water level at each area. 

The quantity of oyster set which occurred during 
the summer was commercially significant and made 
possible a rather accurate study of its distribution, 
density, and survival. This survey was made between 
August 29 and September 3, 1953. Both sides of 20 
shells selected at random from each of the top, mid- 
dle, and bottom thirds of each of the 50-bushel bags, 
picked systematically to represent setting in the 
pond, were examined macroscopically for spat. A 
total of 857 spat were counted in the course of the 
eensus (Fig. 40). Maximum densities were found 
in the upper portion of the inlet around Station 1. 
Here an average of 13.9 spat per 20 shells (approxi- 
mately 278 spat per bushel of shell) for the entire 
area, and a maximum of 26 snat per 20 shells at a 
depth of 12-18 inches, was obtained. Density de- 
creased rapidly up the axis of the pond and to each 
side of the long axis (Fig. 40), being negligible at 
Cultch Station VIT. Within each bushel bag of ecultch, 
setting occurred in approximately equal concentra- 
tions at all levels, with a slight suggestion of best 
sets in the middle third, next in the top third, and 
slightly less in the bottom third. Setting occurred 
in the vicinity of the dock on eultch bags distributed 





there, but mortality of spat from oyster-drill preda- 
tion and loss from mechanical abrasion of the cultch 
caused by heavy wave action on the exposed shore 
made accurate analysis impossible. 

Vertically spat were found 18 inches above low 
water to maximum depths (3 ft) at which cultch was 
placed. In Milford Harbor, Long Island Sound, 
Loosanoff & Engle (1940) found that setting occurred 
in a zone extending from the bottom to 2 ft above 
low water mark. Heaviest setting extended from 
about 12 in above low water to maximum depth of 
cultch placement. 

Horizontally, maximum densities were found in 
those areas where water flow was swiftest: inlet, 
middle regions of lower portion of Lower Arm, and 
Narrows. Studies of both larval and spat distribu- 
tion suggest that most larvae setting in the pond 
originated in Gardiners Bay. An association is 
suggested between swiftest-flowing, eyed-larvae-laden 
water, and maximum density of spat; rate of ex- 
change greatly decreased opportunity for larvae 
originating within the pond to develop to the setting 
stage there. Of two distributions of commercial 
eultch, the first made on July 7-8 eaught the pre- 
ponderant quantity of spat. These spat probably 
represent the mode of eyed larvae entering the pond 
on July 26 (Fig. 34, dock); no large broods entered 
after July 29-30 when the second large placement of 
cultch was made. 

By August 29 when the census was begun spat 
ranged in diameter from 0.8 to 4.6 em. Very little 
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mortality was evident. Of the 857 spat examined 
only 24 had been killed by oyster drills (Urosalpin 
cinerea) principally in the inlet and lower reaches 
of the pond, and 4 had been destroyed by small crabs. 
Chicken-wire bags and shell afforded considerable 
protection from larger enemies such as blue crabs. 
Although strictly speaking the census provided a 
picture of survival of spat, mortality rates were so 
low that the data can also be utilized to contribute 
a reasonable portrayal of density and distribution 
of setting. This is supported by the fact that densest 
concentrations of spat paralleled those of oyster 
drills, mud crabs, and green crabs. 

Cultch placed within the inlet and the lower half 
of Lower Arm in the swifter currents tended to stay 
clean for several weeks, while that in the quieter 
reaches of the pond soon fouled badly. Placement of 
rows of cultch at various angles to direction of flow 
of tidal water did not seem to influence density or 
distribution of set; but because rows placed at right 
angles to the main axis of flow tended to trap large 
quantities of plant debris, it is preferable to place 
rows parallel to flow of current. 

One-quarter to one-half bushel chicken-wire bags 
of cultch were also distributed in Great Pond and 
in Bostwick Pond in mid-July and examined in early 
September 1953. In Great Pond where only oc- 
casional adult oysters were encountered, average 
count of spat per 20 shells varied from 1 to 8. 
Setting was slightly more abundant in the inlet and 
lower middle portions of the pond, again suggesting 
that setting larvae entered from Gardiners Bay. 
This pond is more or less oval in outline, with a 
range of tidal amplitudes similar to that in Home 
Pond, and the main flow of flood water pours un- 
hindered down the middle of the pond and circles to 
either side at the upper end. Spat were most abun- 
dant in the inlet and up the center of the pond from 
the inlet, then decreased at the upper middle ex- 
tremity and at both sides. In Bostwick Pond aver- 
age counts ranged from 0 to 3, and all spat were 
found in the long inlet and extreme lower portions 
of the pond. The fact that this pond is characterized 
by tidal amplitudes conspicuously lower and by a 
sill higher than that in Home Pond, is choked by 
dense stands of Zostera, and contains but few adult 
oysters, explains the distribution and low density of 
set. 

In the fall of 1953 all commercial cultch bags 
containing little or no set were lifted out of the pond 
and stacked on the banks. These were redistributed 
in the water in 1954. Commensurate with the small 
number of eyed larvae encountered in the water then 
(Fig. 34, 1954, high water), very little setting took 
place in the pond. That which did occur repeated on 
a smaller scale the horizontal pattern noted in 1953. 
Trips to collect plankton samples over Fireplace 
oyster beds in Gardiners Bay were utilized to sus- 
pend small bags of eultch a few feet off the bottom 
from an oyster buoy in about 25 ft of water. Place- 
ment of cultch off the bottom was necessary to ex- 
clude large populations of Urosalpinx which overrun 
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these grounds. Between June 28 and August 23 a 
density of approximately one-half spat per shell was 
obtained. Spat were clean, brightly colored and 
ranged in diameter from 0.3 to 0.8 in. Some 
setting probably occurs in Gardiners Bay from time 
to time but is quickly destroyed by drills and other 
predators. 

No setting of any consequence occurred in Home 
Pond during the summer of 1955. Most larvae 
originating in the pond (Fig. 34, 1955, low water) 
were carried out of the pond, and no late stage 
larvae ever appeared in Gardiners Bay in the vicinity 
of the pond (Fig. 34, 1955, high water). 

Thus in only one summer out of three during 
which we studied Home Pond were oyster sets of 
any consequence encountered, and these did not ap- 
proach fabled sets reported orally for occasional 
earlier years. However, oysters which did set were 
characterized by a high rate of survival and rapid 
growth (Fig. 29). 

Venus. Although study of setting in oysters is 
relatively easy and is investigated routinely in the 
farming of oysters, a method permitting quantitative 
study of growth rate and survival of newly set Venus 
planted in the field as well as accurate determination 
of rate and density of setting of native populations 
is still lacking. The principal difficulty resides in 
the fact that post-set Venus mingle with the surface 
particles of sediment from which it is extremely 
difficult to segregate them. The writer (1950b, 1952) 
utilizing observations suggesting that Venus larvae 
are influenced in dropping on to a setting area by 
differential water currents such as are created by 
depressions in the substratum and obstacles in the 
path of water flow, met some success in Little Egg 
Harbor, New Jersey, with a setting indicator which 
he devised. This essentially of a bowl 
covered with a cone of plastic screening and mounted 
in a frame which permits placement of the indica- 
tor at any desired depth in water several feet deep. 
Sereen eliminates predators and contributes a dif- 
ferential in the rate of water flow over the bowl. 
The writer trapped as many as 200 newly-set Venus 
in an indicator approximately 6 inches in diameter. 
Similar indicators were utilized in lower reaches of 
Home Pond in 1954. One Venus 416y in length was 
captured. In 1955 setting indicators were again 
utilized, particularly coneurrently with appearance 
of the large brood in Upper Arm in early August 
(Fig. 38, 39). In July one Venus, 292u was taken; 
after the appearance of the large brood, even though 
5 sets of indicators were distributed at equal inter- 
vals along the axis of the pond, only one other, 281y 
long, was found. These results were not unexpected 
in view of very low densities of Venus larvae and 
their rapid movement into the bay. 

A second method may be employed in gross ap- 
proximation of distribution and relative density of 
native Venus. This method involves 


consists 


setting of 


laborious quantitative screening of sediments for 
youngest Venus which it is practicable to separate 
large scale. 


from sediments on a At best these 
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censuses can only represent crude approximations; 
in regions where predators are abundant the results 
may serve more significantly as indices of mortality 
rates from all causes. 

With these observations in mind, we studied dis- 
tribution of 1-summer and 1-yr-old Venus in Home, 
Great, and Bostwick Pond during the summer of 
1953. Approximately 1 sq ft of sediment was cut 
from the bottom to a depth of 1-2 inches and washed 
in nested screens, the finest of which possessed a 
mesh of 0.25 in. This mesh permitted the bulk of 
sediment to pass through the screen and retained 
coarse grains, shell fragments, and macroscopic in- 
faunal organisms. 

A series of about 50 1-sq-ft quadrats screened 
in Home Pond in late August along 8 different 
transects in different locations from the inlet 
to the upper end disclosed a moderate concentration 
of young Venus in the inlet and extreme lower 
portions, and a remarkable scarcity in the upper 
portions of the pond. A total of 42 Venus from the 
1953 1-summer-old set and 8 from the 1952 set 
(1-yr-old) were obtained. Maximum counts of 5 
1-summer-old and 2 1-yr-old Venus were collected. 
This suggests that either mortality was indeed 
severe, or that no set of consequence occurred. Both 
explanations probably may be considered in view of 
the movement of larvae out of the pond and abundant 
presence of fresh young Venus shell fragments in the 
lower reaches of the pond. 

A similar census was made in Great Pond in mid- 
July. Only 1-yr-old Venus were found since cur- 
rent set was too small to be retained on the screen. 
Again most young Venus were found in the inlet. 
Out of 72 one-square-foot quadrats an average of 
2.5 and two single unusual maxima of 8 and 9 1-yr- 
old Venus were obtained per sq ft. Young Venus 
were present vertically in the inlet as high as the 
mid-intertidal zone, but were scarce in the pond it- 
self, even though a moderate population of adults 
was distributed over many portions of the pond. 

A few days later a survey of 1-yr-old Venus was 
made in Bostwick Pond. Out of 91 one-square-foot 
quadrats screened in transects over the entire pond, 
an average of only 0.5 Venus per sq ft was found. 
In only one transect in a small arm of the inlet with 
sandy bottom did we find moderate concentrations: 
5 quadrats yielded a total of 21 young Venus. The 
inlet, in contrast to the inlets of Home and Great 
Pond, yielded very few Venus; this may be explained 
in part by the fact that the bottom of Bostwick 
Inlet is moderately stable and paved principally with 
small cobbles and gravel, affording good traction to 
the dense populations of blue crabs (Callinectes 
sapidus) encountered there (see later). In terms of 
adult Venus, Bostwick Pond was the least productive 
of the three ponds. Nowhere in the Gardiners Island 
area did we encounter the densities of young Venus 
observed in Maine. 

The proportionately greater concentrations of 
fast-growing young Venus often encountered in 
Home Pond and Great Pond Inlet, as well as along 
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submerged channels in larger estuaries in other areas 
not considered here, merit consideration in terms of 
setting and growth. Many of these bottoms are 
composed of relatively unstable sand and/or gravel 
over which swift tidal currents flow during the 
greater part of the tidal cycle, and are consequently 
constantly shifting in position. In view of the in- 
stability of these areas it is surprising that minute 
newly set Venus survive as well as they do. Survival 
there may be accounted for in part by the fact that 
they possess a well developed foot, are active erawl- 
ers maintaining a vertical position just under the 
surface of the sediment, and can remain buried some 
distance in these bottoms drawing and expelling 
water through the relatively large interstitial spaces 
of the loose sand. Thus such areas pose no apparent 
major difficulties; there are, in fact, several advan- 
tages. The sediments remain relatively free of 
organic matter, and thus the possible presence of del- 
eterious organic substances (Pratt 1953, 1956). 
Relatively large volumes of water sweep over a given 
unit of bottom introducing comparatively large 
quantities of ready-to-set Venus larvae, food, and 
oxygen, and simultaneously remove metabolic waste 
products. In addition, predation in these areas (see 
later) seems to occur at a minimal rate. Although 
ready-to-set Venus larvae appear to be stimulated 
to drop to the bottom by differentials in water cur- 
rent, thus tending to concentrate along edges of sand 
bars and channels where such differentials exist, 
aggregation along specific areas of these bottoms is 
probably due not so much to selection of these sites 
for setting by larvae, but to mechanical accumulation 
there of recently set larvae, much as sand particles 
are sorted and swept into similar positions by water 
currents. Turner (1953b) first gave this explanation 
for similar concentrations of the soft clam, Mya 
arenaria, and Moulton & Coffin (1954) suggest a 
similar explanation for concentrations of Venus. 
Young Venus possess a specific gravity slightly less 
than that of sand grains of the same size, and are 
readily concentrated by water currents before the 
byssus appears. Mechanical aggregation probably 
oceurs even after byssal appearance, since at this 
stage, at least in the laboratory, Venus frequently 
relinquish their attachment to surfaces and crawl 
about before reaffixation (Carriker 1952). This 
behavior is particularly important in a shifting bot- 
tom where they must constantly maintain a vertical 
position near the surface of the sediment. All sizes 
of Venus encounter little difficulty in achieving this 
(Kerswill 1941). Kerswill reported that Venus 5 
mm in length when buried to a depth of several 
inches in soft mud or sand regained the surface 
within 24 hrs, as did large Venus when buried to a 
depth of 7 inches. 

Whether cultivation of submerged bottoms en- 
hanees setting and survival of newly set Venus has 
been a subject of lively discussion for some time 
(Glude & Landers 1953). In studies of the biological 
effects on Venus of hand raking and power dredging 
Glude & Landers encountered no setting on test 
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plots during the summers of 1949 and 1950, so 
could make no observations on this type of “cultiva- 
tion.” They conclude from their study as a whole, 
that there is no biological basis for restricting either 
method of harvesting Venus. In shifting bottoms 
overlain by swift currents sediments are in a constant 
state of “cultivation,” and this does not appear to be 
deleterious. 


PREDATORS AND SURVIVAL 

One of the most conspicuous interactions in the 
Home Pond biotic community was predation. In 
fact, if it were not for the high biotic potential of 
oysters and Venus, they would soon be reduced to 
negligible quantities. Principal predators were blue 
erabs (Callinectes sapidus) and mud crabs, particu- 
larly Neopanope texana. The drill, Urosalpinx 
cinerea, was less important, only because it was pres- 
ent in small numbers restricted generally to the inlet. 

Callinectes sapidus. Depredation of oysters, 
particularly of smaller ones, by this species is well 
known (Ingersoll 1881, J. Nelson 1916, Lunz 1947, 
Carriker 1951b, Menzel & Hopkins 1956): that of 
Venus is less so (Carriker 1951b). Blue crabs en- 
tered the ponds only in the summer, spending the 
winter in waters outside. In 1953 a few large speci- 
mens appeared in Home Pond in late April. By 
mid May the number of crabs increased noticeably, 
and attacked scallops (Aequipecten irradians) which 
had survived the winter in the pond; 1-2 freshly 
opened scallops were noted per square yard. By 
June 18 blue crabs were abundant, and by August 
they were in evidence all over the pond, particularly 
concentrated around oyster plantings and cultch bags. 
By the first of October the concentration had dimin- 
ished somewhat, and by November 18 most blue 
crabs had migrated from the pond. In 1954 Cal- 
linectes were much less abundant; their numbers in- 
creased again in 1955, but not to the inordinate 
abundance of 1953. 

These crabs exhibited a curious prey-searching 
behavior which to our knowledge has been reported 
only by Dunnington (1956) on Mya populations. 
When most abundant they literally pock-marked the 
more stable bottom of Home Pond with excavations 
about 3-10 in. in diameter, 3-4 in. deep, and 1-4 
holes per sq yd. Moving back and forth they 
loosened and dispersed sediment with their thoracic 
appendages until the pit was dug. Bivalves en- 
countered were broken open and consumed. Crabs 
seuttled swiftly out of the pits when surprised, some- 
times in the process of cracking open Venus. 

A number of dramatic experiences sufficed to 
impress us with the capacity for destruction pos- 
sessed by these crabs. On August 13, 1953, we 
planted a total of 3,453 1- and 5-yr-old Venus 
varying in length from 2 to 40 mm in unprotected 
areas in the vicinity of Pens 1, 2, and 3 (Fig. 30) 
as a contro] to similar plantings in enclosures. Venus 
were distributed evenly but densely on the bottom 
and left to bury themselves in the sediment, as would 
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be done in large scale plantings. Within an hour 
crabs had collected at these areas and were actively 
cracking Venus open and consuming the soft parts. 
Venus which had dug into the sediment were followed 
by the crabs who moved their chelipeds back and 
forth through the sediment apparently searching for 
prey. They did not go directly to living Venus, but 
picked up shell fragments of all bivalves in their 
search. Six days later these plantings were reduced 
to 18 Venus! A litter of shell fragments attested 
the degree of destruction. 

In another instance a blue crab about two inches 
in width became trapped in one of the enclosures; 
two days later, when discovered, the crab had minced 
the shells of most of 615, 2-16 mm 1-yr-old Venus. 

Destruction of young oysters on cultch in chicken- 
wire bags was negligible because of protection af- 
forded by screen. Paucity of young oysters in the 
pond, other than on Modiolus demissus high along 
the salt marsh banks, may in part have resulted from 
the depredations of blue crabs. <A check in early 
September 1953 of mortality of introduced adult 
oysters planted in the Narrows and at Station 4 
disclosed a mortality of 34% in the former and 19% 
in the latter location. Blue crabs were most abun- 
dant in the Narrows. Although many “boxes” of 
dead oysters exhibited characteristic serrations along 
margins of the valves resulting from blue crab preda- 
tion, not all mortality can be blamed on crustaceans, 
since concurrently mortalities as high as 50%, due 
possibly to an unknown microscopic organism, were 
being observed in Gardiners Bay. Careful study of 
these “diseased” oysters disclosed that most of them 
experienced a slow death as indicated by a reduction 
of the volume of the soft parts, a regressive deposi- 
tion of shell in many cases coated by a yellowish- 
green periostracum-like layer on the internal sur- 
faces of the valves. A characteristic of the shells 
of oysters dying of this “disease” is a striking rather 
smooth erosion particularly of the flat valve, sug- 
gestive of the chipping of small crabs. That erabs 
do not cause this was shown by cage experiments. 
However, that predators and scavengers in attempt- 
ing to enter a slightly gaping “diseased” oyster 
probably contribute to erosion cannot be gainsaid. 
Greater erosion of the flat valve is due to the fact 
that in normal oysters this valve is thinner and less 
calcified along the margin than the cupped valve. 

Other predators. Mud crabs (Xanthidae) were 
moderately numerous in Home Pond _ particularly 
around oysters and on shelly bottom. MeDermott & 
Flower (1952) have shown that mud crabs may be 
serious predators especially of small oysters in Dela- 
ware Bay, New Jersey. Landers (1954) in labora- 
tory and field observations found that Neopanope 
texana is a menace to small Venus, being particularly 
destructive of Venus less than 10 mm in length. In 
Home Pond small specimens of this crab continually 
erawled through the mesh of coarse-sereened en- 
closures, moulted, and then could not eseape. These 
prisoners then preyed upon the enclosed Venus. 
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When crabs were removed at weekly intervals preda- 
tion was negligible. 

Green crabs, Carcinides maenas, were also moder- 
ately abundant, especially in the inlet and lower 
reaches of the pond. Spiarek (1925) describes this 
crab as one of the most destructive oyster predators 
in the Limfjord. Seattergood et al. (1952) and 
Glude (1954) have found it extremely destructive 
of Mya arenaria in Maine waters. Moulton & 
Gustafson (1956) state that it is a voracious predator 
of Venus. We had no opportunity to observe preda- 
tion of Venus by this crab in the field. Sellmer 
(unpublished), using the abundant Gemma gemma, 
a venerid clam about 4 mm long, in laboratory studies 
on Gardiners Island, found that the green crab 
He placed crabs and gem 
clams in trays of still sea water. During the night 
one green crab consumed 50 gem clams. Callinectes 
and Neopanope under similar circumstances similarly 
consumed a large number of gem clams. Sellmer 
also made the interesting observation that an animal, 
probably the green crab, at night in the lower 
reaches of Lower Arm where Gemma were unusually 
abundant, consumed prodigious quantities of gem 
clams and left conspicuous heaps of shell fragments 
at the site of the depredations. These preliminary 
experiments underscore the potential danger to 
young clams from at least the blue, green, and mud 
erabs. 

Hermit crabs, Pagarus longicarpus, and mud 
snails, Nassarius obsoletus, were unusually numerous 
in the pond. They soon found their way to new 
Venus plantings and crawled through one-half inch 
mesh screen enclosures with no difficulty. In an 
effort to provide information on whether these ani- 
mals prey on small Venus, we established four run- 
ning sea-water enamel trays in the laboratory; two of 
these were filled with a 0.5-in layer of fine sand. 
Thirty-seven Venus ranging in length from 3 to 15 
mm were placed in each tray. Twelve adult mud 
snails were added to each of a sand and an open 
tray, and 12 adult hermit crabs to the remaining pair 
of trays. In the course of 11 days during which 
both predators and prey exhibited considerable move- 
ment, no Venus were consumed. In sand trays 
Venus soon buried themselves and mud snails bur- 
rowed at least during the daytime; hermit crabs, 
restless and pugnacious, succeeded in partly dis- 
membering each other, and unearthed some of the 
smaller Venus, leaving them exposed on the surface. 

The spocn-shaped chelipeds of hermit crabs and 
the habit of these crabs of scooping up minute 
“edible” particles from the bottom, and the repeated 
“licking” of the surface of bottom sediments by mud 
snails with their tongue-like radulae, suggest that 
these animals, and possibly others, in this way prey 
upon newly set Venus and other microscopic organ- 
isms in the surface sediments. To date no evaluation 
of the possible destruction of microscopic burrow- 
ing bivalves by the continuous working over of the 
sediments almost particle by particle has been at- 
tempted. 


actively consumed them. 
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The oyster drill, Urosalpinx cinerea, fortunately 
oceurred only in very small numbers in the pond, 
and predominantly in the inlet; only an occasional 
individual was found in the Narrows and in Upper 
Arm. This distribution suggests that within recent 
times it has not existed in the pond, and has been 
migrating into it from Gardiners Bay. Very few 
drills were found in Bostwick Pond. In Great Pond 
a moderate population lived in the outer reaches of 
the inlet on a scattered set of oysters. It is dif- 
ficult to explain the relative paucity of drills in these 
ponds; possibly the instability of the inlets prevents 
emigration from the bay, and those that do enter are 
floated in on debris as young drills (Carriker 1957), 
Growth of drill populations in the ponds may be 
restricted by occasional very cold winters which may 
freeze those which remain superficially in the sedi- 
ments during the vertical winter migration (Carriker 
1955a). How much cold is necessary to destroy them 
has not been investigated. Keto reported (unpub- 
lished) that during the winter of 1953-54 a cold wave 
killed numerous Venus in the more exposed portions 
of Home Pond Inlet. Temperatures must have 
dropped to unusually low ones, since ordinarily these 
animals are characterized by considerable hardiness 
to cold (Kanwisher 1955), and may have affected 
drills too. Scarcity of drills in these ponds, what- 
ever the cause, is a distinct advantage in the cul- 
ture of bivalves there, since Urosalpinz is such an 
effective predator (Carriker 1953, 1955b). 

An occasional horseshoe “crab,” Limulus poly- 
phemus, entered the pond, but because of low num- 
bers probably did little damage. Limulus, however, 
should be watched, since it is known to cause con- 
siderable damage to such burrowing bivalves as Mya 
and Gemma (Shuster 1950). No sea stars, Asterias 
forbesi or A. vulgaris, were ever found in the pond 
and were uncommon in Gardiners Bay. The damage 
which sea stars may inflict on oysters of all ages is 
well known (Galtsoff & Loosanoff 1939); whether 
young sea stars may consume small Venus before they 
burrow beneath sediment has not been determined. 
Filter feeding organisms like Crepidula, Anomia, 
Spisula, Ensis, and Gemma, although not predators, 
lived in the pond in some abundance and competed 
for food with oysters and Venus. Waugh’s (1957) 
suggestion that such competitors be removed may 
have merit in pond culture too. 

Fall and winter trips to Home Pond disclosed the 
disturbing fact that ducks and geese congregated 
there in large numbers during the winter and so 
thoroughly: worked over the bottom with their feet 
and bills as to give it the appearance of a ploughed 
field peppered with a large number of crater-like 
depressions two to six inches deep and up to a foot 
in diameter. Since these birds are reported to con- 
sume a large variety of small bottom-dwelling organ- 
isms, including marine bivalves (Martin & Uhler 
1939), they could inflict much damage on plantings of 
young Venus. The birds did not enter any of the 
enclosures, so our plantings in these went undis- 
turbed. 
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In view of the abundance and variety of known 
and potential enemies which continually and un- 
hindered destroy oysters and Venus of all stages, the 
present degree of survival of these bivalves as a 
wildcrop is astonishing. It is reasonable to believe 
that by at least partial control or exclusion of preda- 
tors survival of these species could be materially 
augmented. 

Survival of unprotected Venus. A quantitative 
study of survival of various sizes of this bivalve 
without protection of any kind from predators for 
a period of one year was undertaken in two ways. 
In the first approach Venus ranging in length from 
2 to 40 mm were dropped on bottom in the vicinity of 
Pens 1 and Pens 2 at low water (depth at low water 
was 6 in) in August 1953, and allowed to burrow into 
the sediment of their own accord. A final examina- 
tion of the planting was made a year later. Of 1,230 
Venus ranging in length from 2 to 16 mm, and of 
628 12 to 25 mm in length when planted, none sur- 
vived; of 332 Venus 25 to 40 mm in length only 
0.3% survived. Soon after Venus were dropped on 
the bottom, blue erabs, attracted to the site by dis- 
turbance of sediments and water accompanying the 
planting, attacked most Venus before they had an 
opportunity to bury themselves. 

In the second set of experiments run from August 
1954 to August 1955 in both Home Pond and Great 
Pond, Venus, ranging in length from 10 to 58 mm 
(Table 6), were carefully pressed into the bottom 
when planted and we remained in the area about an 
hour to scare crabs away while Venus adjusted to 
their new habitat. Density of the plantings ap- 
proximated 9 to 12 bivalves per sq ft. No evidence 
of boring by Naticidae was found. In addition small 
Venus (0.3 to 14 mm in length) were planted in 
enclosures in August 1954 where they had ample 
opportunity to burrow. As first planned these plant- 
ings were to have been utilized to demonstrate growth 
and survival within sereened enclosures, but thick 
ice and stormy weather during the winter of 1954-55 
destroyed much of the screening without disturbing 
the bottom, essentially turning these plantings into 
unprotected ones. Mortality rate from late winter 
to the following August was startling (Table 6). 


TABLE 6. Rate of survival of unprotected Venus 
planted (pressed into bottom) in sandy mud in Home 
Pond and in Great Pond, August 1954 to August 1955. 





Length range of | Place Number | Percentage 

Venus, mm | planted planted | survival 
| > rr Home Pond} 37,700 | 0.06 
ee | Home Pond 17,500 | 0.3 
| | Home Pond 360 | 76.1 
ae Great Pond 360 | 75.0 
re Home Pond | 200 =| 94.0 
35-58. 


aes | Great Pond | 200 88.0 
| | 


As Venus increase in size and thickness of shell, 
and concomitantly burrow deeper in the sediment, 
they become less vulnerable to attack. Survival of 
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Venus in Home Pond was slightly superior to that in 
Great Pond. It is evident that protection from 
predators (mostly blue, green, and mud crabs) under 
the conditions existing in Home Pond would be es- 
sential in achieving high Venus survival. 

The role of current velocity and sediment type in 
the survival of Venus. Presence in Home Pond In- 
let of a substantial population of native Venus char- 
acterized by a broad age distribution with a prepon- 
derance of young individuals, in contrast to much 
sparser populations with slower recruitment of young 
inside the pond, suggested to us that, in addition to 
the possibility that setting might occur more densely 
in the inlet, certain physical conditions in the inlet 
might be serving to diminish predation there. We ob- 
served in the field that Callinectes find it difficult to 
maintain a hold on sandy bottom or to excavate in 
bottoms of larger particle size in the face of strong 
water currents. Thus during tidal flow they utilize the 
inlet principally as a corridor to move in and out of 
the pond. That some limited predation by crabs does 
oceur, probably mostly during periods of low cur- 
rent velocity, was attested by the presence of shell 
fragments typically the result of crab predation. 

In order to test this hypothesis we selected three 
sites: (a) coarse sediments and swift tidal currents 
in the inlet at sediment station “H” (Fig. 25) under 
3 in of water at low water, (b) fine sand and negli- 
gible tidal currents but considerable wave action dur- 
ing storms at sediment station “F” at Pens 1, water 
about 6 in deep at low water, and (ce) fine black 
highly organic mud and negligible tidal currents 
or wave action close to the tide gauge (Fig. 4) in 
sediments similar to those at sediment station “E,” 
water 12 in deep at low water. Particle-size com- 
position of these sediments is given in Figure 26. 
Quadrats approximately 9 sq ft in surface area at 
each site were cleared of native Venus, and the 
following three different sizes of Venus (raised in 
the Milford Laboratory) were pressed into the sedi- 
ment in each quadrat on July 1, 1955, a total of 
623 Venus per quadrat: 195 clams, 4-8 mm long; 
400, 8-18 mm; and 28, 18-26 mm. At the termina- 
tion of 55 days sediments within each quadrat were 
carefully sereened for survivors. The following 
figures on percentage survival demonstrate the 
greater degree of protection afforded by conditions 
in the inlet: at site (¢), in mud and negligible cur- 
rents and wave action, 0.3%; site (b), in fine sand, 
negligible currents and moderate wave action, 0.8%; 
and site (a), in coarse gravel and swift tidal cur- 
rents, 39.6% survival. Shell fragments in all quad- 
rats identified predators as predominantly crabs 
Those in the quadrat in the inlet were probably 
mostly mud crabs since 4 of these were discovered 
among the pebbles and the majority of Venus de- 
stroyed were small ones. 

PROTECTION OF YOUNG VENUS BY 
SCREENED ENCLOSURES 

Technology of predator exclusion and control 

even in shallow coastal waters has not yet advanced 
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beyond the pioneer stage. Special traps and dredges 
for capture of some species (Carriker 1955b) are 
partially effective. Application of certain poisons 
and metallic barriers (Glude 1957) may be useful. 
Investigations currently in progress (Loosanoff et 
al. 1957) on the possible use of specific chemicals 
may provide relief in time. Sereened enclosures 
may also have application, particularly for experi- 
mental purposes and for the culture of large quanti- 
ties of early stages. 

Some have suggested (unpublished) that it 
should be possible to exterminate predators within 
a small semi-enclosed pond like Home Pond in the 
early spring and then erect a screen barrier across 
the inlet before migrating predators like blue crabs, 
horseshoe “crabs,” diamondback terrapins, skates, and 
others, move in from the sound. With the possible 
advent in the future of chemical attractants by means 
of which specific predators may be eliminated com- 
pletely from a restricted body of water it may be 
possible to rid a pond of such predators as oyster 
drills, mud, green, and blue crabs. External metab- 
olites released by young ovsters caged in chicken- 
wire bags already provide chemical attractants which 
make possible partial control of the oyster drill by 
trapping (Carriker 1955b, 1957). In actual practice, 
however, placement and maintenance of a screen 
across a pond inlet poses genuine difficulties. At 
considerable expense hydraulic engineers could install 
a strong screen of plastie which would not be affected 
by the corrosive action of sea water and so con- 
structed that pores could not be enlarged by crabs. 
Since predators are relatively inactive in the winter 
(at least areas of cold winters), the screen could be 
removed then to avoid destruction by winter storms. 
Blockage of the sereen by floating debris, which at 
times is substantial, would have to be prevented. 
Larger predators would be excluded, but smaller 
stages would pass freely through any sereen which 
would permit a desirable flow of water in and out 
of the pond. These small stages, recolonizing the 
pond, would necessitate continuous predator control. 
Only future research will demonstrate whether inlet 
screens can be utilized in pond management. 

Fer our preliminary studies of predator exclu- 
sion the use of small screened enclosures proved most 
feasible. With these we were able to make initial 
studies, relatively free of predation, of certain as- 
pects of growth and survival of native as well as 
laboratory-reared Venus. The plan to study setting 
of Venus larvae in them did not materialize because 
of the conditions already described on the movement 
of the larvae out of the pond. The pond was well 
suited for utilization of screened enclosures. Shallow 
water and absence of severe wave action and swift 
tidal currents permitted erection of enclosures with- 
out subsequent disturbance of sediments by water 
action or clogging of the screens. Fouling of these 
occurred to a minor degree in the zone continuously 
submerged, but not in the intertidal portion; this 
suggested erection of enclosures in water about six 
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inches deep at low water. Since water level oscillates 
above low water line for a substantial period out 
of every tidal cycle (Fig. 8) good circulation was 
present in the enclosures much of the time. However, 
at this latitude vertical tidal movement of thick ice, 
in one winter out of three, punctured screens though 
for the most part left posts and sediments undis- 
turbed. It was not difficult to install new screening 
the following spring before predators became active. 
Enclosures were not erected in shallower water since 
Venus exposed for any length of time above the low 
water line at extremely low winter temperatures tend 
to freeze at this latitude. 

We constructed 16 different enclosures during the 
summer of 1953 using a variety of meshes of both 
metal and plastic screens. Approximately 11,000 
Venus were planted in these after sediments had been 
carefully screened for resident Venus and other 
organisms. Enclosures consisting of plastic sereen- 
ing laid directly on the bottom, or slightly elevated 
over the bottom on low screen fences, proved value- 
less because fouling of screens and minor shifting of 
the bottom soon suffocated many Venus under them. 
In addition crabs, particularly mud crabs, were able 
to pry the fibers of the plastic screens apart and 
crawl under the screen. Galvanized hardware cloth 
immediately in contact with the bottom is toxic to 
infaunal organisms (T. Nelson, personal communica- 
tion) so was not used in this manner. 

Fenced enclosures consisting of areas 4 ft square 
surrounded by screen 4 ft high buried 6 in. in the 
bottom and to corner piling 3-6 in. in 
diameter and driven 2-3 ft into the bottom served our 
needs best. Galvanized metal screening (hardware 
cloth) painted with copper paint best resisted fouling 
and the attacks of crabs, and though it rusted through 
in about a year, was employed instead of plastic 
sereening which is vulnerable to crab attack. Copper 
paint did not appear to harm animals within the 
pens, probably because of the almost continuous cir- 
culation of pond water. buried 6 in. in 
sediment excluded even the largest burrowing blue 
crabs’ which attempted to dig into the bottom under 
the screens. Extension of screens about 3.5 ft above 
the bottom, a height determined by study of tidal 
amplitudes in the pond from the tide gauge record- 
ings, excluded swimming enemies. Sereens of pore 
size ranging from 14, to 1 inch were utilized in the 
various enclosures; of these the 14 inch mesh ex- 
cluded all but the smaller stages of predators and 
yet did not appreciably impede cireulation of water 
through the pens. Crabs which entered enclosures, 
moulted, and then could not escape, were removed 
at weekly intervals; in this manner predation was 
reduced to a negligible rate.’ We found that suc- 
cessful use of fenced enclosures depends upon a con- 
stant removal of trapped predators, since caged 
hungry carnivores are more destructive than free- 
living ones. Thin layers of mud, mostly detritus, 
which were not objectionable, accumulated in the 
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Fig. 41. Relationship of rate of survival of three 
different size ranges of Venus to pore size of screened 
enclosures in Home Pond, in the period August 1953 
to August 1954. The number of Venus in each length 
range sampled varied from 124 to 665. In enclosures 
with ‘‘protected Venus’’ crabs were removed systema- 
tically and enclosures remained intact for entire year; 
in enclosures with ‘‘unprotected Venus’’ the 1-in. mesh 
screen rusted out during early spring of 1954 and was 
not repaired, and the %4-in. mesh screen remained intact 
but crabs were not removed as they entered. 

4, and 1% inch mesh pens as a result of diminished 
circulation. 

Effectiveness of exclusion of predators by screens 
of 5 different pore sizes and survival rate of Venus 
of different sizes within these is plotted in Figure 41. 
These data represent groups of Venus, each sample 
varying in number from 124 to 665 bivalves, of dif- 
ferent length ranges planted for a period of one year 
in pens fenced by screens of varying mesh. Length- 
range figures are applicable to Venus when planted. 
In pens with “protected Venus” (the solid lines), 
crabs were removed weekly and fences remained in- 
tact for the entire year; in pens with “unprotected 
Venus” (broken lines), enclosures with 1-in mesh 
screen rusted through during early spring and were 
not repaired, and those with 0.5-in mesh remained 
intact but crabs were not removed as they entered 
and moulted. Consequently the “unprotected Venus” 
were vulnerable to predator attack during the spring 
and summer of that year, but since they had inereased 
in size during the previous fall, had attained a fur- 
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ther measure of protection. Curves for “protected 
Venus” clearly demonstrate the increasing protection 
afforded by decreasing pore size of fences. Like- 
wise the data illustrate increasing protection afforded 
by increase in size and thickness of Venus shell. 
This amply confirms similar observations made of 
Venus planted in the open (Table 6). In no case 
was 100% survival obtained in any enclosure. This 
indicates that some mortality was brought about by 
causes other than predators. Survival of larger 
Venus was not much greater than that observed in 
Venus planted in the open; however, survival of 
small ones was markedly increased, suggesting the 
value of protection to small Venus before planting 
in the open. Haven & Andrews (1957) likewise 
found that when predation was prevented in their 
experiments with Venus from Long Island Sound 
losses were very low at all seasons. 


DISCUSSION 

Preliminary ecological study of Home Pond in 
terms of its potential utilization for culture of oysters 
and Venus has made possible characterization of a 
number of its physical and biological features, and 
provided information on the ecological life history 
of these two bivalves in a pond community. In ad- 
dition, the investigation has extended knowledge of 
some inherent advantages and disadvantages of the 
use of ponds for cultivation of shellfish, and in some 
cases provides suggestions on means of circumventing 
disadvantages. 

The nature and area of watershed surrounding a 
pond and precipitation rate of the region in large 
measure determine rate and range of fluctuation of 
salinity and quality and quantity of sedimentation in 
the pond. Home Pond, for example, with a water- 
shed some 6.5 times greater in area than that of the 
pond and associated salt marsh combined, could be 
flooded by large volumes of runoff water and sedi- 
ments after heavy precipitation. Fortunately, most 
of the watershed is heavily forested and detains much 
water, and vegetation binds the soil and blocks its 
transport into the pond, thereby eliminating the 
detrimental effects of excessive siltation (Newcombe 
1951, 1952). Complete control over fresh water 
inflow could be effected by surrounding a pond with 
turfed artificial earthworks designed to restrict fresh- 
water runoff. 

In the event flow of fresh water into a pond were 
not controlled and the inlet were closed, a spillway 
would provide a simple means of escape of the float- 
ing stratum of fresh water. In the absence of such 
an escape fresh water would eventually spill over 
a low point in the barrier bank, tending to cut a 
new inlet, and in relatively calm weather would tend 
to inhibit vertical cireulation of deeper sea water 
forcing oxygen deficiencies on bottom-dwelling organ- 
isms. During periods of strong winds, in either the 
presence or absence of a spillway. fresh water would 
mix with sea water, lowering salinities throughout, 
but probably to less degree in the presence of the 
spillway. In more elaborate operations an inlet gate 
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could be constructed with controllable openings at 
both bottom and top, permitting regulation of out- 
flow of fresh water during ebb tide and either inflow 
or outflow of sea water at appropriate phases of the 
tide. Such manipulations would have to be synchro- 
nized with distribution of desirable larvae when pres- 
ent in the pond. 

Some flow of fresh water into a pond during 
closed-inlet conditions is necessary to offset that lost 
by evaporation. Such conditions contributed to the 
success of Lake Breneguy (Dean 1892) in which loss 
from evaporation was counterbalanced by spring 
flow. In areas where insufficient runoff water is 
available, it may be pumped into ponds from other 
sources; this has been done during dry periods by 
Lunz (1956a) in his ponds. Small estuaries, because 
of excessive and unpredictable freshwater inflow, 
cannot be utilized for salt-water pond culture. 

Whenever tidal circulation in a pond is eliminated 
by closure of the inlet, other means for circulation of 
the water must be relied upon. As in the case of 
Home Pond, Lake Breneguy, and other shallow 
ponds, substantial circulation of impounded water 
results from wind action alone. As a rule such 
circulation (2s not compare in magnitude with that 
from tidal forces under open-inlet conditions but 
probably suffices for aeration, mixing of nutrients, 
and dissipation of noxious gases from muddy bottoms. 
This would not be the case in deeper ponds (van 
Dorn 1953); stratification developing in these could 
be obviated by artificial circulation through use of 
large motor driven impellers or bubbling with com- 
pressed air (Schmitz & Hasler 1958). 

Level of impounded water in ponds surrounded 
by salt marshes should be maintained slightly below 
that of the marshes in order to minimize decomposi- 
tion of vegetation and consequent liberation of toxic 
substances (Lindsay 1947-53). 

Water impounded in sheltered shallow ponds in 
which a large proportion of the bottom is covered 
by dark Tobaccolot Pond, may 
be heated to temperatures above the limits of 
tolerance of resident organisms during calm _ hot 
sunny days. Under these conditions it might be 
possible to cool the water slightly by artificially im- 
pelling air over the surface of the pond with large 
electric fans. 

During open-inlet conditions toxic substances 
released from muddy bottoms in ponds like Home 
Pond appear to be dissipated at a sufficiently rapid 
rate by tidal circulation to render them harmless to 
pond occupants. Such does not seem to be the case 
when inlets are blocked (Lindsay 1947-53). Success 
in raising large numbers of oyster larvae to post- 
setting stages without change of water in Lake 
Breneguy may be attributed in part to the fact that 
muddy portions of the bottom were macadamized 
with clay and gravel. Likewise some of the success 
of milkfish culturists (Fry 1947, Schuster 1949) may 
be explained by care taken to treat the bottom of the 
intertidal ponds before water is introduced. Lunz 
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also treated the bottom 


(1953) 
Grounds managed in this way re- 
lease a minimum of the products of organie decom- 
position, reduce roiling from wind action and subse- 
quent siltation, and permit photosynthesis to deeper 


(1956a) and Vass 


of their ponds. 


strata as a result of decreased turbidity. Since 
draining ponds with sills and those with depths 
exceeding low water mark is difficult or impossible, 
development of a surface crust of sand, gravel, and/ 
or shell on the bottom of these ponds could be 
accomplished by broadeasting these materials from a 
barge. Ponds in areas characterized by 
highly turbid waters soon accumulate thick layers of 
organic and inorganic mud under open-inlet condi- 
tions. In these regions probably only intertidal 
ponds, from which mud ean be flushed periodically, 
can be utilized for pond culture. It is clear from 
these remarks that basic knowledge on the role of 
sediments in pond culture must be sought before most 
efficient use of ponds is realized. 

Pattern of tidal cireulation in a pond varies to 
some degree with the configuration of the pond 
basin. Thus circulation in a round pond with a 
single inlet, like Great Pond, differs from that in a 
long narrow pond like Home Pond. No information 
is available on what constitutes the optimal shape 
of basin for pond culture. This matter should be 
considered in selection of natural ponds or con- 
struction of artificial ones. 

So far as ean be determined permanent closed- 
inlet pond conditions do not favor cultivation of 
bivalves (Evermann 1904, Gaarder & Spiarck 1932, 
Lindsay 1947-53, J. Nelson 1889-93, and Raymont 
1947b). Permanent closure of inlets simply ampli- 
fies evils introduced in ponds by temporary closure. 
In Home Pond ameliorating effects of tidal cireula- 
tion through rapid removal of fresh water, catabolic 
products, and other noxious chemicals, as well as the 
contribution of sea water, nutrients, food organisms, 
oxygen, and the cooling effect of bay water in the 
summer, made possible the productive biological con- 
ditions described in this paper. Korringa & Postma 
(1957) corroborate the importance of an open inlet 
in maintaining good conditions in mussel farming, 
and Spirck (personal communication) writes that 
oyster pools are usually open to the sea except dur- 
ing spawning and larval development of oysters. 

If, then, open-inlet conditions provide a more 
favorable pond habitat but simultaneously permit 
eseape of larvae, how may production of oysters and 
Venus be accelerated in ponds in the northeastern 
United States? Our studies, as do those on Nor- 
wegian oyster pools, suggest that inlets be closed 
temporarily only during the period of spawning 
and subsequent larval development. For Venus this 
could be done first in the late spring when they are 
ready to spawn; closure of the inlet would accelerate 
warming of the water and this in turn would stimu- 
late earlier release of gametes. After larval meta- 
morphosis the inlet could be opened to restore the 
benefits of tidal circulation. Should oysters start 
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spawning during the first impoundment, closure of 
the pond might be maintained for a longer time. If 
not, and inlet were opened, cooler bay waters would 
tend to retard spawning. By late June the inlet 
could be closed a second time to bring about mass 
spawning of oysters and retention of these larvae 
to the spatting stage. Connection with outside waters 
should be resumed when most larvae set. Second 
closure of the inlet would probably not adversely 
affect newly-set Venus; our laboratory-culture studies 
and those of Loosanoff (1954) demonstrated that 
they live for long periods in still-water cultures. 
A third closure of the inlet in late summer might 
bring a late spawning of both oysters and Venus. 
It should be emphasized strongly that maximum suc- 
cess and improvement in these operations, at least 
at the start, will result only from a careful continuous 
examination and interpretation of data on frequency 
and extent of spawning of parents, distribution and 
density of veligers and of newly set young, and 
analysis at least of such environmental factors as 
water temperature, salinity, phosphates, nitrates, pH, 
and primary production. Closure of the inlet only 
for short periods should obviate a proportion of 
the detrimental conditions associated with prolonged 
impoundment, while making possible spawning of 
large numbers of bivalves and retention and culture 
of astronomic numbers of larvae at least to the 
setting stage. In this way laborious expensive cul- 
ture of larvae in the laboratory for later transplanta- 
tion to protected natural areas (already successfully 
practiced by the U. S. Fish and Wildlife Service 
Laboratory at Milford, Connecticut) could be cireum- 
vented. Establishment of schedules for inlet closures 
in coastal areas in other latitudes would have to be 
based on spawning times and periods of larval de- 
velopment in those latitudes. 

That application of nutrients to large bodies of 
sea water promotes productivity has been demon- 
strated. Information on culture of oyster larvae, 
other zooplankton, and phytoplankton in large out- 
door concrete tanks, in small artificial ponds, and 
in natural ponds is provided by Orton et al. (1933), 
Cole (1937, 1939), Dannevig (1945). Fagerland 
(1945), Edmondson & Edmondson (1947), Korringa 
(1948), Pratt (1950), Imai et al. (1950, 1954), & 
Edmondson (1955). In addition a substantial pre- 
liminary contribution has been made on fertiliza- 
tion of sea water in both closed and open larger 
ponds. Evermann (1904) thought he was able to 
improve the quality of marketable oysters in as 
short a time as a week after application of fertilizer, 
but oysters later developed a “marshy taste” from 
feeding on “undesirable” algae. Gaarder & Spiirck 
(1932), Gaarder (1932), and Gaarder & Alvsaker 
(1941) found that addition of fertilizer to oyster 
pools led to an inerease in nanno- and zooplankton 
and also to good growth of oyster larvae. Pratt 
(1949) studying a small pond in Little Harbor, 
Massachusetts, found that fertilization increased the 
standing crop of phytoplankton to several times the 
prefertilization maximum. Extensive studies by 
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Gross (1941, 1947, 1950a, 1950b), Gross et al. (1944, 
1946), Orr (1947), Marshall (1947), Raymont 
(1947a, 1947b, 1949, 1950, 1955), Nutman (1950), 
and Gauld (1950) on Loch Craiglin and Kyle Sceot- 
nish showed that fertilizers applied to inner portions 
of either closed or open bodies of sea water were 
utilized rapidly and_ stimulated phytoplankton 
growth, which in turn maintained a high density of 
zooplankton and bottom fauna and _ accelerated 
growth of flatfish, With constant application of 
fertilizer at least two to three years were necessary to 
achieve maximum production of bottom fauna. Two 
and a half years after regular fertilization was 
stopped, production of bottom fauna remained more 
than twice that under unfertilized conditions. Fer- 
tilization with resulting increase in production over 
the area as a whole had little lasting effect on the 
density of intertidal mud-flat fauna. What benefi- 
cial results occurred when other environmental condi- 
tions were also favorable, were erased by adverse 
conditions. Rochford (1951, 1952) and Thomson 
(1954) reported some benefit in the culture of oysters 
in Australia from adding fertilizer to the sediment of 
oyster beds. Superphosphate and linseed oil meal, 
equal proportions, 15 pounds per 100 sq yds, was 
recommended, and commercial applications are now 
being made (Thomson 1954). However, rapid multi- 
plication of undesirable phytoplankton under certain 
ecological conditions (Long Island, Ryther 1954; 
Connecticut, Conover 1954; Florida, Chew 1956, 
Feinstein 1956) points to the need for continued 
study in application of fertilizers to ponds. 
Johnston (1955) has suggested that in addition 
to enrichment of natural waters with the grosser 
nutrients phosphate and nitrate, minute quantities of 
critical metabolites might be added to encourage 
multiplication of desirable phytoplankton and sup- 
press undesirable types. Apparently excessive con- 
centrations of food organisms in the water are not 
required; Loosanoff & Engle (1947b) suggest that 
in the laboratory bivalves feed less efficiently in 
high concentrations of food organisms, and Riley 
(1956) found in Long Island Sound where high 
phytoplankton production occurs that a large per- 
centage of primary production is not utilized by 
higher trophic levels. Thus naturally fertile bodies 
of salt water like Mongoku-Ura Inlet (Imai et al. 
1951), Mediterranean ponds (Korringa & Postma 
1957), and Home Pond may require no or very 
little enrichment. Studies on food requirements of 
Venus and oysters (Bruce et al. 1940, Imai 1950, 
Loosanoff 1954, Walne 1956, Davis & Guillard 1958) 
and on cultural requirements of potential bivalve 
food organisms (Ketchum 1949a, 1949b; Burlew 
1953, Johnston 1955, Ryther 1956, and others) are 
fundamental in the development of pond culture, and 
contribute a good beginning in suggesting the quality 
and quantity of nutrients to be added. In ponds 
characterized by rapid exchange of water maximum 
benefits from artificial enrichment could be realized 
only by partial closure of the inlet through installa- 
tion of special gates which would permit control of 
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tidal flow. achieved by application of 
phosphorus and nitrogen to open headwaters of Kyle 
Seotnish, an embayment of about 160 acres, was 
made possible by the slow exchange there (Nutman 
1950). 

Exclusion of predators from oysters and Venus 
in the pond ecosystem strikingly augments survival 
and vividly punctuates the toll taken by them. 
Practical economic control of enemies on a large 
seale is yet to be achieved; it is sufficiently important, 
however, to encourage extended aggressive research 
on control methods. In this regard chemical control 
(Loosanoff et al. 1957) may provide aid in time, but 
the difficulty of developing a chemical selectively 
lethal to predators and harmless to commercial 
bivalves and man should not be minimized. Staples 
(personal communication) states that a movable end- 
less belt made of heavy metal mesh is often used to 
protect dam spillways and hydraulic turbine inlets 
from water-borne debris; such a design, protected in 
some way from the corrosive action of sea water, sug- 
gests a possible way of protecting a pond-inlet con- 
trol gate and also of excluding larger predators. 
Should such a device prove effective it would still 
be necessary to eliminate predators which enter 
ponds at early stages. A variety of traps already 
available provides a means of doing this to some 
degree, but no trapping system available will elimi- 
nate all individuals. Thus predator control at the 
present state of knowledge would constitute a con- 
tinuous operation in pond management. Marketing 
such predators as blue crabs might provide an added 
incentive to trapping them. Use of poison baits 
to destroy predators might prove efficacious, but 
probably should not be employed under closed-inlet 
conditions. The Home Pond studies demonstrated 
that small fenced areas are effective in protecting 
early post-larval stages of bivalves until they grow 
to less vulnerable sizes and ean be transplanted to 
open areas in a pond. Enemies such as oyster drills 
may be eradicated from a pond by allowing salinity 
to drop to low levels (Carriker 1955b). This manip- 
ulation could be practiced only in the presence of 
oysters which tolerate lower salinities than do drills. 
The exact salinity value lethal to these gastropods 
varies with the temperature of the water, duration 
of low salinity, stage of the life cycle of the drill, 
and the previous salinity history of the drill. 
Whether salinities lethal to drills would be tolerated 
by Venus has not been determined, though it is 
known that Venus. are less tolerant to low salini- 
ties than oysters. At present very little is known 
about the pathogenic viruses, bacteria, and fungi of 
commercial bivalves. When more is known about 
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them and their control it is conceivable that such 
control could be practiced on a large scale within 
the confines of salt water ponds. 

In the absence of predators and disease it is 
conceivable that even under open-inlet conditions 
bivalve populations in ponds might grow beyond the 
carrying capacity of these communities. 


At pres- 





MELBOURNE ROMAINE CARRIKER 


Ecological Monographs 

Tol. 29, No. 3 
ent there is no information available on what opti- 
mum densities for oysters or Venus might be. Such 
optima would probably vary with the particular phys- 
ical, chemical, and biological characteristics of each 
pond and the degree of artificial enrichment provided 
by man, and at least at present could only be deter- 
mined empirically. 

It has never been possible in nature to correlate 
for any given body of water the density of larvae 
and newly-set spat of oysters with the size of the 
spawning population. Degree of viability of gametes, 
loss of larvae to predators, and circulation of the 
water mass constitute some of the variables which 
complicate the picture. A duplicate system of 
ponds of varying size and containing a range of sizes 
of spawning populations should provide a unique 
opportunity for controlled study of this problem in 
the oyster, Venus, and possibly other commercial 
bivalves. 

The need of obtaining more desirable strains of 
commercial oysters through rigorous selection and 
breeding with other species has been stressed for some 
time (T. Nelson 1946, 1951). The same need exists 
for other commercial as well as potentially economic 
bivalves. Loosanoff and associates (1954), and 
others, by developing methods for culture of bivalve 
larvae successfully to post-setting stages under con- 
trolled laboratory conditions, have made possible the 
execution of such genetic studies. Active hybrids 
have already been produced by Loosanoff and as- 


sociates by crossing Mercenaria mercenaria and 
Mercenaria campechiensis (Chestnut et al. 1956, 


Haven & Andrews 1956). Existing as well as poten- 
tial advantages offered by salt-water pond culture 
suggest utilization of ponds for the culture of strains 
of bivalves developed in the laboratory, and eventual- 
ly for cultivation of these varieties on a large seale. 

Observations reported in this paper and a re- 
view of the literature in this field indicate that ulti- 
mate utilization of salt-water ponds for cultivation 
of Crassostrea and Mercenaria, as is already being 
done for Ostrea edulis in Europe, is feasible on com- 
mercial scales, though predictable success still awaits 
further extensive basic research. From the vantage 
point of the present, procedures outlined in this 
paper, which suggest that inlets be closed only dur- 
ing the period of spawning and larval development, 
appear to offer most promise for the immediate 
future. In the long range, however, as results of 
fundamental research accumulate in this field, it is 
possible that culture of bivalves in completely con- 
trolled closed ponds will become a reality. 


SUMMARY 

1. Of attempts made in the past to utilize salt- 
water ponds for rearing larval and early postset 
oysters only a few have been successful. This phase 
of aquiculture is still in infaney and its development 
has been retarded by many obstacles. This paper 
contributes ecological information on physical and 
biological features of an unaltered pond over a three- 
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year period (1953-1955) directed toward the potential 
utilization of such ponds for culture of young oysters 
(Crassostrea virginica) and young Venus (Merce- 
naria mercenaria ). 

2. The investigation was carried out in Home 
Pond, a shallow open-inlet 21-acre pond surrounded 
by 18 acres of salt marsh and 250 acres of watershed 
on Gardiners Island, New York. The inlet contains 
a sill which impounds water at low tide. At mean 
high water (level of the salt marsh) the pond con- 
tains about two million cubic feet of water; about 
half of this is intertidal volume. Exchange ratios, 
depending upon tidal amplitudes, vary from 22 to 
Tidal amplitude varies from 0.4 to 
condi- 


73 percent. 
2.4 feet during non-stormy 
tions. New water entering the inlet at early flood 
moves about three-fourths of the distance up the 
pond during flood tide, partially impounding residual 
water at the head. Most water ebbing from the 
pond does not re-enter, dissipating in the bay out- 
side. 

3. The pond is an embayment receiving no fresh 
water except from precipitation and small rain-fed 
springs. Return of salinity to equal that in the 
bay occurs in about 10 days after heavy rainfall. 
An unknown fraction of rain falling on the water- 
shed percolates through the forested soil of the 
watershed delaying return of pond salinity to bay 
salinity. During flooding tide fresh water is im- 
pounded temporarily at the head of the pond; a 
large fraction of this especially under wind action is 
mixed with new sea water and moves outward on 
the following ebb tide. Low salinity periods in the 
pond during the three summers were of short dura- 
tion and never sufficiently low under open-inlet con- 
ditions to constitute a limiting factor. 

4. Water temperatures in the pond never climbed 
much above 30° C, maintained thus by the moderat- 
ing thermal influence of sea water from the bay. 
pH remained generally in the range 7.8-8.0. During 
relatively calm weather light penetrated the water in 
the pond to all depths; roiling due to wind action 
reduced transparency, but this returned to normal 
soon after storms. It decreased toward the head 
of the pond, opacity resulting from inert suspen- 
soids as well as plankton and accumulation of coffee- 
colored stains brought in by rainwater. 

5. Gardiners Island is composed almost entirely 
of glacial till. A barrier beach separating the pond 
from the bay is composed of shell, smooth sand, and 
pebbles. The bottom of the outer half of the pond 
consists of sand; the inner half is covered with fine 
organic mud, in places to depths of over 14 feet, 
much of which, at least at the surface, exists in the 
form of microscopic fecal pellets. The salt marsh 
on the landward side is underlain by a relatively 
deep, and that on the outer side, by a relatively shal- 
low stratum of mud and peat. Depth and distribu- 
tion of organic mud in the pond suggest that 


meteorological 


morphometry of the pond has not been seriously 
altered for a long time. 


Shifting of the inlet from 
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the western to the eastern end of the pond occurred 
since 1904. 

6. Mechanical analysis of sediment samples in 
the pond indicate that sands are dropped by currents 
rather soon inside the inlet, and that currents along 
the long axis of the pond transport principally silts 
and clays. Grain composition of muds along the 
inner side and of sand along the outer side of the 
pond are rather similar. Sandy shallow areas of 
bottom along the outer half are kept relatively free of 
fine grains and organic matter by wave action; this 
does not materially disturb muds in the deeper 
inner half of the pond. 

7. Chemical analysis of sediments from the pond 
for “easily oxidizable” organic matter and for 
“available” phosphorus and potassium reveal larger 
quantities of these associated with fine sediments on 
the inner side of the pond than with coarser sedi- 
ments on the outer side and around the inlet. On 
the basis of field-soil classifications organic muds in 
the pond were considered highly fertile, and the 
remainder of the sediments moderately so. 

8. Substantial populations of Mercenaria 
cenaria and of Crassostrea virginica grew natively 
in Home Pond. Oysters as long as eight and a half 
inches were found especially in the head of the 
pond. Densest populations of Venus lived in the 
vicinity of the inlet where continuous recruitment of 
young took place. An unusual population of old 
Venus with maximum lengths of 5.5 inches was 
discovered in the head of the pond. 

9. Both Venus and 
head of the pond, retained conspicuous stores of 
glycogen throughout the summer, indicating excellent 
food conditions. This condition may be associated 
with high fertility of sediments and minimal ex- 
change in the upper portions of the pond. 

10. Growth rate of both bivalves was good to 
excellent. Venus grew fastest in the vicinity of the 
inlet; oysters, equally well throughout the pond. 
Large numbers of laboratory-reared Venus were 
utilized in growth and other studies. A method for 
transplantation of early post-set Venus from the 
laboratory to the field is outlined. 

11. Spawning of oysters began in the upper arm 
of Home Pond in the last week in June and continued 
through July and into the middle of August. Bulk 
of spawning of Venus occurred in late spring. Slight 
spawning occurred through the summer with a 
moderate peak in August of the last summer. 

12. Because of a high exchange ratio oyster and 
Venus larvae originating within the pond were soon 
transported out of it. Even though Venus larvae 
exhibit a planktonic existence about half the duration 
of that of the oyster, those originating within the 
pond did not set within it even during periods of low 
tidal amplitude. All information indicates that the 
majority of larvae setting within the pond entered 
from the bay as ready-to-set veligers. 

13. Horizontally, setting of oyster larvae was 
densest in the inlet, then decreased rapidly up the 


mer- 


oysters, especially at the 
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axis of the pond. Vertically, they set from levels 
18 inches above low water to maximum depths, three 
feet, at which cultch was placed. This pattern is 
explained, with other information, on set resulting 
from entrance of ready-to-set larvae from the sound. 
Setting was never abundant during the three-summer 
investigation, even though large numbers of larvae 
originated within the pond. 

14. Venus larvae also set most abundantly in the 
inlet, decreasing in concentration up the axis of the 
pond. Sets were never dense. Newly set Venus are 
well adapted to survival in the unstable bottom con- 
ditions of an inlet. 

15. Callinectes sapidus and xanthid mud crabs 
were the most conspicuous predators of oysters and 
Venus in the pond, particularly destructive of young- 
er ones. Blue crabs exhibited a distinct prey- 
searching behavior, digging excavations in the bottom 
in their hunt for infaunal organisms. 

16. Unprotected young Venus were almost com- 
pletely destroyed by crabs in portions of the pond 
away from the inlet. As Venus grew larger they 
became less vulnerable to crab predation. Unstable 
sediments and swift currents in the inlet provided 
protection: 40 percent of the Venus survived there, 
whereas in the pond away from the inlet survival 
was less than one percent. 

17. Of many types of mechanical enclosures 
utilized to exclude predators from Venus plantings, 
fenced enclosures consisting of 14-inch pore-size 
hardware cloth painted with copper paint proved 
most useful under pond conditions. Experimenta- 
tion with a variety of different meshes clearly demon- 
strated the increasing protection afforded Venus by 
decreasing pore size of fence; in enclosures as well 
as in the open inerease in size and thickness of 
Venus shell likewise provided increasing protection. 
Over 80 percent survival of young Venus was ob- 
tained in enclosures in contrast to negligible survival 
in the open. 

18. Ameliorating effects of tidal circulation 
through rapid removal of fresh water, catabolic 
products, and other noxious chemicals, as well as the 
contribution of sea water, nutrients, food organisms, 
oxygen, and the cooling effect of bay water in the 
summer contributed to the productive biological con- 
ditions found in Home Pond. Closing the inlet per- 
manently would not favor cultivation of oysters and 


Venus, even with the addition of appropriate 
nutrients. Leaving the inlet open permits the escape 
of larvae. 


19. Our studies suggest that larvae could be re- 
tained within the pond by closing the inlet tem- 
porarily just before spawning and during the larval 
period. It should be opened again as soon as setting 
is completed. Bottom should be firm and free of 
excessive organic mud. Muddy bottoms may be 
surfaced with shell, sand, and/or gravel. An escape 
for excessive fresh water should be provided. Partial 
control of enemies is possible. Preliminary fertiliza- 
tion studies reported by others indicate that produc- 
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tivity of ponds may be increased by application of 
nutrients either to sediments or to open waters of 
ponds with low exchange, thereby possibly inereas- 
ing the potential carrying capacity of ponds for all 
ages of desirable species; in case of large inlets and 
high tidal amplitude it may be necessary to reduce 
exchange. However, much careful further research 
is indicated here, particularly on food requirements 
of these bivalves and on the mass culture of these 
food organisms in ponds. 

20. Our studies and a review of the literature in 
this field indicate that utilization of salt-water ponds 
for the cultivation of such benthic species as oysters 
and Venus on a large scale is feasible; predictable 
success, however, must be predicated upon further 
extensive basis research. 
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INTRODUCTION 

Volcanoes and their effects are of interest to the 
soil-scientist and ecologist, as well as to the vol- 
canologist, geologist, and geophysicist. The first two 
are interested because voleanie activity brings forth 
problems having to do with rate of weathering of 
lava and cinders, accelerated erosion and its control, 
and problems of plant nutrition, including nitrogen 
fixation by microorganisms, growth of mycorrhizae, 
and general problems of composition of plant com- 
munities which are greatly modified, even to ex- 
tinction, by voleanic activity. 

Agricultural man has been interested in voleanoes 
and their activity for as long as he has grown crops 
in areas adjacent to them. Voleanic outpourings of 
any type cause him to lose the use of his agricul- 
tural land for from a few years to many centuries, 
depending upon the type of ejecta and the climate 
of the region. However, over a period of decades or 
longer, agriculture, per se, may profit by the addi- 
tion of a layer of voleanic ash over old fields. Some 
of the most fertile soils are weathered voleanie ash. 
One example is that of the Snake River Plains in 
southern Idaho. Another is cited by Colton (1945), 
who states that following an eruption of Sunset 
Crater in Arizona, during the eleventh century, the 
quality of the soil in an area of about 800 square 
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miles was improved by a layer of ash which varied 
from 1 ft to less than 1 in. in depth. Corn soon 
grew better than before and even to this day pine 
trees are claimed to grow at lower altitudes in this 
area than where there is no ash. The important in- 
fluence of the ash is believed to be in improvement 
of water retention by the soil. As will be noted 
later in this report an ash mantle has improved 
growing conditions in some places near Jorullo 
Voleano, in Mexico. 

Invasion of any bare area by plants involves 
two main processes. First, there must be transporta- 
tion of disseminules into the area from an outside 
source. Second, germination of the disseminules 
must take place, followed by growth of the resulting 
plants to maturity, until they are able to reproduce 
by sexual or asexual means, and hence increase the 
number of individuals of a species and result in its 
establishment. In the invasion of any voleanic area 
these processes would seem to stand out especially 
acutely. Volcanic deposits are completely sterile 
because they originate from within the earth where 
there is no life and all organisms, ineluding micro- 
forms, must be brought to the bare area from outside 
sources. The extreme situation would be that of a 
voleanic island, to which disseminules would need to 
be transported across a body of water. Voleanies 
carry no products of past life ecyeles, no fixed 
nitrogen from an organie source as might the 
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materials associated with water-carried deposits in 
deltas, or wind-borne material in dunes. Every- 
thing begins anew; only inorganic nutrients are 
available, and some of them may be deficient, partic- 
ularly fixed nitrogen. 

Some questions which seem pertinent in a con- 
sideration of the problem of succession on volcanics 
are: 1) How quickly, after the voleanic material has 
been poured out does vegetation become established ? 
2) From how far away may disseminules be carried? 
3) What kinds of plants are pioneers? 4) Are the 
pioneers capable of fixing nitrogen? Some of these 
questions have been answered in part, by others. 
Present information is not adequate to supply com- 
plete answers to all of these questions, but because 
some of the problems involve such basic biology it 
seems worthwhile to pursue them as far as is possible 
in the light of present knowledge. 

The method of presentation will be to discuss the 
histories of two Mexican voleanoes in some detail and 
of some others very briefly, and to show what these 
have contributed toward the solution of some of the 
problems. 


PARICUTIN VOLCANO 

Parfcutin Voleano (named after the nearest Mexi- 
can Indian village), in the state of Michéacan, Mexi- 
co, has been active during the present decade. 
Probably more is known about its eruptive history 
and the relation of this activity to vegetation than 
is known for any other voleano. Hence, it is ap- 
propriate that it should be the first voleano con- 
sidered here. The author spent 3 months at this 
voleano in the summer of 1945 and made a return 
visit of about 6 weeks in the summer of 1950. 

Paricutin is located in west central Mexico, about 
180 mi. west of Mexico City. It is on the Central 
Mexico Plateau, but only a few miles from its 
southern edge. Parfcutin is the most recently active 
of a whole belt of voleanoes which crosses Mexico, 
south-east and north-west, between 18 and 20° N. 
lat. Most of these voleanoes are small and were 
active for only a few years. Paricutin itself was 
active between 1943 and 1952. Jorullo, also recently 
active, between 1759 and 1775, is another of the 
small type. Some of the voleanoes are giants and 
must have been active for a very long time to have 
attained such great size. Included in this group are 
Colima, Popoeatépetl, and Nevado de Toluca. 


VEGETATION Prior TO Start OF VOLCANIC ACTIVITY 

Prior to the start of voleanie activity the area 
around Parieutin was approximately three-quarters 
forested. The rest was in fields and pastures, or was 
oceupied by villages. Forest on the reasonably level 
plateau, with an altitude of about 7200 ft, between 
the many old voleanice cones, and that on the sides of 
old cones, up to an elevation of about 9,000 ft, was 
predominately pine (Pinus pseudostrobus Lindl., 
P. leiophylla Schl. & Cham., and P. teocote Schl. & 
Cham.). There was some admixture of oaks, in 
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8 different species, plus other trees, and shrubs and 
herbs. Between 9,000 and 10,000 ft, on cones reach- 
ing that elevation, fir (Abies religiosa (H.B.K.) Sehl. 
& Cham.) was predominant, but there was also 
considerable oak and a little pine; above 10,000 ft 
pine was again dominant. Vegetation in the zone 
below 9,000 ft was the most variable in composition, 
probably because of the local agricultural methods, 
In accordance with the practice of milpas agri- 
culture which was largely followed in the area, fields 
were allowed to lie fallow when fertility had become 
depleted. Abandoned fields tended to grow up to 
pine. Also, oak was probably cut in the lower, 
easily accessible sites, for fuel and building timbers. 
Evidence for this opinion is seen in the fact that 
most of the oak trees at lower altitudes were on less 
accessible, steep hillsides which were not cultivated 
and were difficult to reach for timber cutting (Egegler 
1948). 


CLIMATE 

Although located only about 19° from the equator, 
temperatures of the region are distinctly moderate, 
because of the altitude. The plateau area between 
old cones lies from about 7,200 to 7,500 ft altitude 
and the cones rise above that from a few hundreds, 
to several thousands of feet. The two tallest peaks 
near Paricutin are Cerro Angdéhuan, rising to about 
10,600 ft, and Cerro Tancitaro, to almost 13,000 ft. 
Snow and freezing weather do not occur, except at 
the tops of the highest mountains. Total annual 
precipitation near the voleano is probably about 60 
in. Almost all moisture comes during the summer 
season when daily rains are the rule. Winters are 
dry. 


GENERAL History or VOLCANIC ACTIVITY 

Paricutin began eruption on February 20, 1943, 
and remained active until March 4, 1952. There was 
almost continuous ejection of bombs, ash, and cinders 
during the first 2 yrs; then activity became more 
intermittent, with periods of violent activity being 
interspersed with periods of comparative quiescence. 
At maximum voleanie activity ash and cinders rose 
to heights of fifteen to twenty thousand feet before 
they spread out and drifted, finally settling down 
on many square miles of area. A cone of ash, 
cinders, and bombs rapidly built up around the 
vent and reached a height of almost 1,500 ft in the 
second year and 1,700 ft by 1946 (Bullard 1947). 
Lava first began to issue on the second day of activi- 
ty (Bullard 1947), and many flows have emerged 
since that time. All flows formed aa? lava upon cool- 
ing. Many of the early flows have been partially or 
completely covered by later ones, or by wind or water- 
borne ash. At any particular time, since from almost 
the start of activity, the surface of the voleanic area 
has presented a mosaic of lava flows of various 
ages, a large cinder cone, and ash-mantled fields and 


2 Aa lava is clinkery and fragmental. It breaks into 
angular pieces as it moves and cools. The word is Hawaiian in 
origin. 
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Fig. 1. Parieutin Voleano with extent of lava flows, 
and areas in which pre-voleanie vegetation was destroyed. 


woods. Fig. 1 indicates the arrangement of these 
features as they appeared in 1950. 

When the author visited the voleano in 1945 
ash, cinders, and bombs were still being ejected 
intermittently. Some days the sky was clear and 
quite free from ash fall; at other times ash fell as 
thick as rain. A mantle of accumulated ash extended 
several miles in all directions, being thickest south 
of the vent. A mile from the base of the cone ash 
was 8 to 10 ft deep; 4 mi. from the cone it averaged 
about 1 ft in depth. In the summer of 1945 about 
5 sq mi of area was covered by lava, most of it north 
and east of the cone (Eggler 1948). The flows mak- 
ing up this lava differed in age. Some lava was 2 
yrs old, some about 1 vr, and some was new, being 
still in the active condition in 1945. 


VEGETATION IN 1945, Arrer Two AND A HALF 
Years OF VOLCANIC ACTIVITY 

In 1945 the observable effects of the voleano upon 
vegetation were largely destructive in character. All 
vegetation had been destroyed in an area estimated 
at about 18 sq mi. The main cone of the voleano, 
along with a small satellite, Zapicho, covered about 
1 sq mi of area; lava flows covered about 5 sq mi, 
and deep ash had kiiled all vegetation in an area of 
about 12 sq mi. Nowhere, in 1945, was there any 
indication that any of this completely denuded area 
was being invaded by plants. Primary succession 
had not begun. 
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Outside of the area of complete destruction, there 
was partial destruction over a much larger area, 
of possibly 100 sq mi. Here, tree survival depended 
upon depth of ash, kind of tree, size of tree, and 
upon length of time ash deposit remained upon the 
leaves. Among the pine trees those from 5 in. 
to about 1 ft in diameter near the base survived best, 
often remaining alive in ash to 4 ft deep; trees over 
1 ft in diameter survived next best, in ash to about 
32 in.; then came those 3 to 5 in. in diameter and, 
finally, the smallest ones, which rarely survived in 
ash 1 ft deep. 

Oaks survived burial in ash somewhat better than 
pines in 1945, but the different sizes withstood it in 
relatively the same order as those of pine. Small 
hawthorne trees (Crataegus pubescens (H.B.K.) 
Steud.), which usually grew along old stone fences, 
survived burial better than almost any other tree 
species, considering their smal] size. Alder (Alnus 
jorullensis H.B.K.) usually had all branches knocked 
off, but new leaves came directly from the main stem. 

Some shrubs of Baccharis pteronoides DC. with- 
stood burial very well, and continued to grow in ash 
up to 22 in. deep; adventitious roots were sometimes 
present on buried parts of branches of this shrub. 
Cestrum terminale var. latifolium Franecey, con- 
tinued growth in ash as much as 4 ft deep. 

In plants of several kinds stems had been killed 
back to the old soil level, and later the plants re- 


sprouted. Conspicuous in this group were two small 
shrubs, Bouvardia ternifolia (Cav.) Schlecht, and 


Fuchsia pringlei Robino. & Seat.; and two herbs, 
Argemone platyceras Link. & Otto, and Mirabilis 
longiflora L. 

Two grasses, Digitaria velutina (DC.) Hitech. and 
Cynodon dactylon (L.) Pers., were able to continue 
growth during accumulation of ash and to keep 
ahead of it, if the total depth was not more than 18 
to 20 in. The grasses were actually spreading some- 
what where ash was not over 15 in. deep. Other 
herbs continuing in old fields, where ash was not 
over about 20 in. deep, neglecta 
Hemsl., Erigeron scaposus DC., and Pteridium aqui- 
linum (L.) Kuhn. 

Reproduction of plants from seeds buried under 
ash was not taking place in 1945, even where ash 
was only an inch or two in depth. But where over- 
lying ash had been removed by erosion a good crop 
indicating that 


were Asclepias 


of weeds usually soon appeared, 


many seeds were still viable. A covering of ash 
inhibited seed germination, possibly by retarding 


aeration. 


1945 ann 1950 
Lava continued to pour from the voleano between 
1945 and 1950, but output of ash and cinders was 
much reduced. Most of the lava erupted during this 
period moved out over older iiows and increased the 
total lava thickness, but some flows moved on beyond 
old limits and covered new areas. (See Fig. 1.) 
Total land surface covered by flows by 1950 was 
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approximately 8 sq mi. It is believed that ash and 
cinders emitted between 1945 and 1950 actually had 
little influence on existing vegetation nor on the 
establishment of new vegetation. 


VEGETATION IN 1950, ArrER SEVEN AND A HALF 
YeEArRS OF VOLCANIC ACTIVITY 

During the period between 1945 and 1950 the 
plant life about Paricutin voleano changed in several 
ways. More plants of all types died. This was due, 
in a relatively small area, to burial under new lava 
flows, but in most places it came about as a result of 
the cumulative influence of partial burial under ash 
for so many years. However, most pre-voleanic 
plants which survived actually looked greener and 
healthier in 1950 than they had in 1945. During this 
period many plants had started from seeds or spores. 
These new plapts were generally located under’ trees 
or shrubs or perennial herbs already present, or in 
old soil which had been uncovered by erosion, or 
in playa areas. Present in smaller numbers, but 
certainly of much interest to the ecologist, and 
presaging what is likely to come during the next few 
years, were plants growing on new lava flows. In 
very extensive former wooded areas and old fields 
where pre-voleanic plants failed to survive, there was 
still no plant life in 1950. Pure ash alone was still 
not a “soil” and plants were not becoming established. 


MORE PLANTS DEAD 

Between 1945 and 1950 lava flows covered ad- 
ditional areas totalling about 3 sq mi. Plants in this 
area were buried and destroyed. Elsewhere, to dis- 
tances of 10 to 15 mi. from the voleano plants con- 
tinued to die wherever ash still lay upon the old soil. 
This was not because of new ash fall, but rather was 
the result of long-time partial burial under ash or, in 
some cases, was the result of physical breakage suf- 
fered during the early years of the eruption, when 
ash-fall was very heavy. 

The most obvious evidence of more plant fatalities 
was the fact that the area of complete destruction 
extended about 4 mi, in a southerly direction, beyond 
where it was in 1945. (See Fig. 1.) Most trees were 
killed as far south as the summit of Cerra Tancitaro. 
Fir had been an important tree species on this moun- 
tain but all were now killed on the north-facing side, 
where only scattered pines, oaks, and alders still re- 
mained alive. The zone of complete kill was also 
extended somewhat both east and west, but not at 
all to the north, where some plants still remained 
alive to the edge of the lava flows. 

Throughout the whole area oaks had been less 
abundant than pines before voleanic eruption began. 
It appeared in 1945 that they were surviving partial 
burial by ash somewhat better than pines but by 
1950 searcely any oaks remained alive where ash was 
1 ft or more deep. In the zone of partial destruction 
quite a number of alders were still alive in 1945 but 
very few remained in 1950. Likewise, Arbutus 
xalapensis H.B.K., Symplocos prionophylla Hemsl., 
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and Clethra obovata Hook. & Arn., all small trees, 
were practically all dead by 1950. In the case of 
pines the mortality rate continued to be highest 
among small trees, and next highest among large ones 
over 1 ft in diameter. In 1945 very conspicuous were 
scores of small pines which were bent over under the 
weight of ash. The tops were buried but the trees 
continued to live. By 1950 only a few of these bent- 
over trees survived. 

The population of most kinds of shrubs was also 
less in the zone of partial destruction in 1950 than 
in 1945. In this group were Cestrum, Symphori- 
carpos microphyllus H.B.K., Arctostaphylos rupestris 
Rob. & Seat., Bouvardia, and Fuchsia pringlei. This 
last plant formed nearly-closed stands on the floor 
of some areas of pine forest just northeast of the 
lava flows in 1945, but in 1950 only a few plants 
remained. But they were more than twice as tall 
as those of 1945, which had been unusually small for 
the species. Most individuals in 1950 were growing 
close to trees, in which position they apparently had 
some advantage in protection or in a supply of 
nutrient. Baccharis had decreased in some places, 
but in others it was reproducing from seeds under 
old bushes, and was spreading. 

Argemone and Mirabilis, two herbs which had 
been conspicuous in old fields, were now much re- 
duced in number. But in some places Mirabilis was 
reproducing under, and close to, old plants. The two 
most abundant grasses in 1945, Cynodon and Digi- 
taria, were generally spreading where established in 


ash not over 6 or 8 in. deep, but were doing less well 


in deeper ash; many clumps had died out com- 
pletely. 


REPRODUCTION IN ASH, NEAR LIVING PLANTS 

In 1945 there was no reproduction of plants from 
seed anywhere about the voleano where ash was pres- 
ent in any measurable amount. By 1950 this was 
changed and there was reproduction of some species 
where pre-voleanic plants remained alive. A few ex- 
amples will be cited. There was still no reproduction 
in ash alone where living plants were absent. 

In pine woods, at the north edge of the lava flows, 
ash was still almost 2 ft deep in 1950 and many seed- 
lings of pine, as well as various shrubs and herbs, 
were present (Fig. 2). These plants had not grown 
from seeds buried under the ash, but rather from 
recently scattered disseminules. Pine needles which 
were mixed in the ash were decomposing. Excava- 
tion of some of the pine seedlings gave indication 
that their roots had the typical structure which indi- 
sates the mycorrhizal condition. Fungi were obvious- 
ly present in the ash mantle here. Judging by the 
number of nodes present on the main stems of the 
pine seedlings or the persistence of cotyledon leaves 
on some, it appeared that they began growth in 1948, 
1949, and 1950. The old, pre-voleanie pine trees had 
formed no adventitious roots above the level of the 
old buried soil. But branches from lateral roots 
were growing vertically upward into the layer of 
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Fic. 2. One type of situation at Paricutin in which 
reproduction from seeds was taking place. Ash is 20 
in. deep. Two pine seedlings are in the extreme right, 
center. Pine needles and branches, both within and on 
top of the ash, prevent erosion, act as mulch, and may 
aid in supplying nutrient. North of the lava flows. 
August, 1950. 
new ash above. The surviving pine trees were ap- 
parently well adjusted to the layer of ash still piled 
to a depth of 2 ft about their bases. 

Proximity of seedlings, such as Mirabilis, pine, 
and others, to already established plants, suggests 
that there is a very close and intimate relationship 
between seed germination, seedling survival, and the 
living plant. The plant is more than just a 
of seeds. 

Several ways in which living plants might aid 


souree 


seed germination and seedling survival suggest them- 
selves. These would apply to both woody and her- 
baceous species. First, living plants reduce erosion. 
In the absence of a stabilizing influence erosion runs 
rampant in this voleanic area. When it rains run- 
ning water erodes the unconsolidated ash, and when 
it does not rain the wind blows it. A surface layer 
of leaves and other plant parts seemed to be an ef- 
fective soil stabilizer. Second, the same organic layer 
would constitute a kind of mulch to hold moisture 
and prevent the formation of a hard surface crust, 
through which seedlings would have difficulty in 
penetrating. A third possible function of organic 
accumulation would be as a source of nutrients. 
Possibly the same conditions favoring seed germina- 
tion and seedling growth also favor the growth of 
These turn, 
would break down organic material and make nu- 
trients available. 

Organic material away from living plants was 
found to be inferior to organic material under living 
plants in aiding seed germination and seedling growth 
because it was of a different kind. In the area of 
complete destruction there was sometimes considera- 
ble organic material, which usually consisted of 
dead tree trunks and branches (Fig. 3). The dead 
wood did very little to control erosion and improve 
surface conditions for seed germination. 


microorganisms. microorganisms in 
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Fig. 3. Considerable organic material but no plant 
reproduction. South of Parieutin lava flows, in area 
where all vegetation was destroyed. Ash 6 to 8 ft deep. 
Erosion is continuing unabated. July, 1950. 


REPRODUCTION IN OLD SOIL, AFTER ASH REMOVAL 


Where soil was exposed, after removal of ash, 
plants quickly became established. Except where a 
good stand of pre-voleanic vegetation survived, to 
prevent erosion, the rate at which ash was removed 
from nonlevel areas had been amazingly rapid. 
Lowdermilk (1947) computed that by August, 1945, 
about a third of the ash erupted to that time had 
already been moved. The process of erosion still con- 
tinues. Gullying is common and the sides of some 
old cones have had most of the ash removed. A 
great deal of this ash has been carried away by the 
Itzicuaro River which starts in the area, but much has 
simply been moved from high places and deposited 
in low ones as playa deposits. 

The most complete exposure of old soil which 
was observed was on the old cone, Capatzun (Fig. 1). 
Capatzun lies 1.5 to 2 mi in a north-northeast diree- 
tion from the vent of Paricutin. In 1945 Capatzun 
was covered with ash to depths of from 3 to 6 ft. By 
1950 the summit, and the sides about two-thirds of 
the distance down, were quite free of ash. Most of 
this ash was deposited at the bottom of the cone, 
where it helped form a playa. 

A number of trees survived on the cone in 1945. 
These were mostly pines, but included also were a 


few oaks and one or two small Crataegus and 
Arbutus. But there were not enough trees to reduce 


While no actual counts were 
made to compare the number of living trees in 1945 
with that in 1950, it is believed that it was nearly 


erosion appreciably. 








the same, and that mortality had been low because 
of the early elimination of the effects of ash about 
the bases of the trees. 

Shrubs and herbs on Capatzun in 1950 included 
3 species which may have regrown from buried 
rhizomes or root stalks. These Bouvardia, 
Physalis subintegra Fern., and Phytolacca icosandra 
L. Other species present included 1 fern, Pteridium 
aquilinum ; 4 grasses, Digitaria velutina, Panicum al- 
bomaculatum Seribn., Setaria lutescens (Weigel) F. 
T. Hubb., and Stipa mucronata H.B.K.; a sedge, 
Cyperus flavus (Vahl.) Nees; and 7 other dicotyle- 
donous species, Asclepias neglecta, Geranium sey- 
manni Peyr., O.xalis Sehl., 
ersudans Zueec., Phacelia platycarpa (Cav.) Spreng., 
Senecio platanifolius Benth., and Trifolium amabile 
H.B.K. 

Capdtzun was not the only cone on which old soil 
was exposed. Complete removal of ash from exten- 
sive areas of surface was not common but nearly all 


were 


hernandezii Passiflora 


slopes were gullied to some extent and old soil was 
exposed. in the sides or bottoms of the resulting 
gullies. Only immediately south of the volcano, 
where ash was 40 to 50 ft deep, had gullies failed to 
Elsewhere, wherever old _ soil 
was exposed, established. 
Often the plants were the same species as those on 
Capatzun, but sometimes there were others. In 
gullies on the north slopes of Tancitaro mountain 
the regrowth in 1950 consisted of only two species, 
Lupinus elegans, H.B.K., and Salix hartwegii Benth. 
It is possible that all individuals of these two species 
may have regrown from old buried plants which 


penetrate to old soil. 
plants 


were becoming 


remained alive. 
REPRODUCTION ON PLAYAS 

Playas at the edges of the flows into which water- 
borne materials are brought from adjacent hills were 
much more extensive and the deposits were deeper in 
1950 than in 1945. These deposits consist of ash, old 
soil, and all kinds of plant parts. After the 1945 
trip it was predicted (Eggle 1948) that the playas 
would probably soon be supporting plant life. By 
1950 they were, in many places. One extensive 
playa located northeast of the flows was even planted 
to corn in 1950. The corn was growing, but not very 
satisfactorily. One reason was that silt continued to 
move into the area after every rain. This playa, 
like has no stream outlet and hence 
drainage is poor. Following heavy rains the playas 
are shallow lakes for a few hours. 

The principal kinds of plants observed on playas 
included Argemone_ platyceras; Cirsium nivale 
(H.B.K.) Sch.; Cuphea jorullensis H.B.K.; Gaura 
sinuata Nutt. ex. Seringh.; Lupinus elegans; Mira- 
bilis longiflora; Oenothera tetraptera Cav.; Pery- 
menium flexuosum Greenm.; Phacelia platycarpa; 
and Rumex sp. The presence of nodules on the roots 
of the lupine plants indicates that, in some places 


most others, 
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at least, the playa materia] is a soil which contains 
bacteria. 

Coverage of the surface of the playas by plants 
probably did not average over five per cent but, 
judging by the progress made in five years’ time, it 
is probable that in a few more years the playas will 
be nearly covered with vegetation. 

PRIMARY SUCCESSION BEGUN ON LAVA FLOWS 

Considerations up to this point have been largely 
about destruction of vegetation and secondary suc- 
cession. All of the areas discussed have been modi- 
fied by the past or present existence of other organ- 
isms. But true primary succession had also begun 
by 1950. A number of kinds of plants were growing 
on the lava flows. These included erustose lichens, 
one or more kinds of algae, mosses, and ferns. 

According to the time when they were last active- 
ly moving, most of the exposed flows in 1950 were of 
four ages, dating back to 1944, 1947, 1948, and 1950. 
If any weathering had taken place it was so slight 
that it was not visually perceptible. There was some 
correlation between the kind and quantity of plant 
life on the various flows and the age of the flow, but 
not with amount of weathering. Actually, only the 
1944 and 1947 flows had plant life on them in 1950. 

Aa flows are composed of angular blocks of lava 
of various sizes. The flows at Paricutin generally 
included some of sand and gravel size, as well as 
When a flow finally came to rest the 
smaller particles tended to sift down between the big 
pieces. There are at least two types of habitat which 
plants might occupy on these flows. There are the 
exposed upper surfaces of lava blocks which usually 
lack fine textured material and receive the full im- 
pact of wind and sun. Rain water runs off about as 
fast as it falls. Growth conditions are unfavorable. 
A second would be the depressions between blocks 
which are protected against desiccating winds. Water 
draining from the exposed surfaces of rock above 
moves into them, and there is usually material of 
sand and gravel size to hold water. Physical condi- 
tions for plant growth are much more favorable. 

Crustose lichens were the only plants evident on 
the exposed rock surfaces, and these generally 
covered only a small fraction of the surface. On the 
1947 flows ecrustose lichens covered less than 1% 
of the surface; on the 1944 flows it was a little more. 

In the depressions between the blocks, where 
water balance was much more favorable, grew algae, 
and ferns. The most abundant alga, and 
the only one identified, was Gloeothece linearis Nag, 
a blue-green. Where present, this alga grew in pro- 
fusion in masses that could be collected by the 
handful. ; 

The mosses present were mostly Physocomitrium 
sp. (material was immature). This was present on 
both the 1944 and 1947 flows, but was more abundant 
on the older one. Three ferns were present on the 
older flow, Adiantum poiretii Wikstr., Cystopteris 
(L.) Bernh., and tartarea 


larger pieces. 
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(Cav.) Maxon. Ferns were just beginning to become 
established on the 1947 flow and only a few juvenile 
sporophytes of one species, Adiantum poiretii, were 
found. 

Whether or not there is any interdependence be- 
tween algae, mosses, and ferns, it is difficult to deter- 
mine. It is possible that the alga, Gloeothece, fixes 
some nitrogen. During recent years evidence has 
been accumulating to indicate that probably several 
species of blue-green algae are able to fix atmospheric 
nitrogen. Fogg (1947) cites several blue-greens in 
the family Nostocaceae which he found could fix 
nitrogen, and he suggests that perhaps others can 
too. 

Apparently the nitrogen fixing capacity of 
Gloeothece has not been tested. Its lush growth on 
the Paricutin flows indicates that it may possibly be 
getting some of its nitrogen from the atmosphere. 
If so, it might well be benefiting both mosses and ferns 
by making some fixed nitrogen available to them. 
However, not all mosses and ferns are restricted to 
sites which support algae, and it would appear that 
some nitrogen is available from other sources. Am- 
monium chloride is known to be present in the gases 
escaping from fumaroles and solfataras of Paricutin. 
It may be that enough ammonium chloride has been 
released to fertilize the lava flows sufficiently so they 
can support some plants which are unable to fix 
their own nitrogen. Around gas vents of one sol- 
fatara in the 1947 flow the number of moss plants 
was several times as great as in the area away from 
the solfatara. This suggested that conditions for 
growth were more favorable in the solfatara area. 
Water, from stream condensation, would be more 
abundant, and it is believed chemicals, including am- 
monium choride, contributed to the nutrition of the 
mosses. 

In summary of conditions in 1950 it can be stated 
that aleae and mosses had become well established 
on the aa flows of Paricutin in 3 yrs and that ferns 
were established in 4 yrs. It may well be that the 
algae contribute to the supply of fixed nitrogen for 
the mosses and ferns but it does not appear that the 
latter are altogether dependent on the algae for 
nitrogen. In-as-much as algae and mosses were 
established in the crevice and depression habitat al- 
most as soon as crustose lichens started on the ex- 
posed rock surface, it appears that there was no 
interdependence between members of these two com- 
munities. It seems likely that they will continue as 
separate and independent communities for a leng 
time, at least until they spread enough for the two 
communities to merge. 


PRIMARY SUCCESSION BEGUN ON MAIN CINDER CONE 

In 1950 Parfeutin Voleano was still active. It was 
difficult even to think that plants could grow on the 
cone for a long time to come. Nevertheless, Mr. 
Kenneth Segerstrom of the United States Geological 
Survey, who made two ascents of the cone in Febru- 
ary, 1957, 5 yrs after activity ceased, found lichens 
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and two species of angiosperms growing on the rim 
of the crater. He has reported (personal communi- 
cation) that the angiosperms grew “in moist, coarse 
lapilli where fumarolie vapors keep the lapilli moist 
and probably supply ammonium chloride sublimate.” 
Neither kind of plant was in the reproductive stage 
and identification was difficult. One is almost cer- 
tainly a species of Gnaphalium and the other is be- 
lieved to be an Eryngium. It is interesting that 
these two seed plants would get started in this dif- 
ficult situation before mosses and ferns. 


Votcanic ASH ALONE Dip Not Support 
VascuLaR PLants In 1950 

That no plants were starting in pure ash from 
seeds or spores in 1950 may have been determined by 
several factors: unimpeded erosion, formation of a 
hard surface crust, lack of certain essential nutrients, 
and poor water retaining capacity of the ash. Ero- 
sion and crust formation were obvious. Nutrient de- 
ficiency is a negative condition and harder to demon- 
strate. To test this factor two simple experiments 
were carried out. 

In one experiment several kinds of vegetable and 
flowers seeds were planted in an ash field “garden.” 
A rather level area, with no organie mulch on it, which 
had been little eroded, and which was slightly higher 
than the surrounding area so it had not received any 
water-borne material, was selected along the west 
edge of the lava flows (Fig. 1). The seeds were 
obtained locally and were of unknown quality and 
viability. But most of them germinated and grew for 
a time. None of the plants reached maturity, pre- 
sumably because of environmental conditions. 

Seeds were planted on July 5, 1950. This is in 
the rainy season and should be the most favorable 
time for seed germination. In two weeks a signifi- 
‘ant number (20 to 40 of each kind) of garden peas, 
morning glories, and red beans had sprouted and 
grown to a height of about 1 in. above the soil sur- 
face. These were observed for 3 anore weeks, until 
August 9. Most pea plants were still alive and about 
4 in. tall but the basal leaves were dead and the 
plants did not look healthy. The beans did not grow 
as well as the peas and by August 9 all bean plants 
were dead or nearly dead. The morning glories never 
grew to be more than 1 in. tall and by August 9 
almost all had died. 

These plants all had color symptoms of nitrogen 
deficiency. A number of peas and beans were ex- 
cavated and the root systems of all showed well 
developed lateral roots but poor vertical root develop- 
ment. A buried crust at a depth of 4 to 5 in. was 
probably responsible for the poor vertical penetra- 
tion. No nodules were present on the roots of the 
legumes. 

In another experiment ash was collected from 
near the base of the main cinder cone and upon 
returning to the laboratory of Tulane University rye 
was planted in 12 one-liter jars of this ash with 
provision for aeration. Distilled water was added 
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as needed. The rye grew very slowly and, after 
90 days, plants were only 2 to 3 in. tall. Color of 
surviving plants was pale green. In this experiment 
moisture, aeration, and temperature, were known to 
be satisfactory and the poor growth of rye was with- 
out a doubt due to nutrient deficiency. It is believed 
that this deficiency included fixed nitrogen. 

It has been implied that pure voleanie ash is 
more deficient in nutrient, mainly fixed nitrogen, than 
lava, and such seems to be the case. Perhaps ash, 
being fine textured and more porous, has had nutrient 
leached out. And possibly there has been an actual 
accumulation of nutrients in the crevices and depres- 
sions of the aa flows where 
starting. There is also the possibility that the flows 
have, rigkt from their start, had more ammonium 
chloride than the ash. Solfataras and fumaroles, 
probable sources of ammonium chloride, were not 
uncommon in the lava flows but were never in ash 
fields. 


mosses and ferns are 


PossIBLE INHIBITING EFFECT OF ASH 

In addition to the above-mentioned deficiencies 
of ash as a soil it sometimes seemed that ash exerted 
an inhibiting influence upon plants. Away from 
already established plants, where ash is present, even 
in a thin layer, plants are very slow indeed in getting 
started. This was well illustrated in an area 5 to 6 
mi north of the Volcano, near the village of Carupo. 
Nearly-level fields totalling several hundreds of acres 
were still largely devoid of vegetation in 1950, as 
they were in 1945 (Fig. 4). In this field the chief 
plant is clover, Trifolium amabile. It is largely con- 
fined to old rows, probably where maize grew, and 
where ash is at most 0.5 in. thick. Between crop- 
rows ash is 3 to 5 in. deep and clover plants were 
nearly absent. However, some lateral spreading had 
begun. It had been 5 yrs since any significant ash 
fall when the picture was taken. Fig. 5 shows the 
condition in another part of the same general area 
where ash is a little deeper. Vegetation is almost 
absent. 


POTENTIAL INFLUENCES OF LIVESTOCK 

From almost the beginning of voleanic¢ activity, 
when growing of crops became impossible and forage 
searce, livestock has been permitted to run at-large 
over most of the ash covered area. Cattle, sheep, 
horses, and burros are included among these animals. 
Up to 1950 there was not much evidence that they 
were influencing plant life but it seems likely that with 
time they will. Animal droppings, often containing 
seeds, as well as organic nutrients, will surely hasten 
the establishment of plants. 


JORULLO VOLCANO 
There are many hundreds of voleanoes in the series 
which includes Paricutin, but the only other one 
for which there is any historical record is Jorullo. 
This about 60 mi southeast of 


voleano is located 


Paricutin, just off the edge of the Central Plateau 
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Fig. 4. An old field about 6 mi north of Parfeutin 
Voleano. This had not been cultivated for over 7 yrs, 
since before voleanice activity began. The ash layer is 
about 0.5 in. deep in the rows and 3 to 5 in. deep be- 
Grasses and clover are almost all pre- 
August, 1950. 


tween the rows. 
voleanic and are spreading very slowly. 





voleanic 
Ash is 2 in. deep in the rows and about 
Pre-voleanie plants are 


Fig. 5. An old field, uneultivated since 
activity began. 
6 in. deep between old rows. 


reproducing very little. 


The volcanic material at Jorullo, con- 
sisting of cones, ash fields, and basaltie lava, lies at 
an elevation. of from about 2,500 to 4,000 ft. 

The immediate location of Jorullo Voleano is a 
rectangular amphitheatre, about 3 by 4 mi in extent. 
On the north, east, and west this is enclosed by hills 
rising to the Central Plateau, with its temperate 
climate. The south side of the rectangle opens to the 
warm lowlands of the Tierra Templada. One large 
cinder cone and three smaller ones are located at the 
east end of the rectangle. Most of the lava lies 
west of these cones. 

The name Jorullo is interpreted to mean paradise, 


of Mexico. 
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in the Tarascan Indian language, and was given to 
the area before the voleano erupted. The climate is 
still quite ideal, even though the soil is not. Temper- 
atures are uniformly high throughout the year but 
precipitation is not adequate to support a tropical 
forest. Rainfall is about 40 in. per year, with most 
of it coming during the summer, May to September. 

Cultivated crops grown in the region and indica- 
tive of the types of climate include bananas, maize, 
coconuts, lemons, oranges, and papayas. 


History oF VoLcANic ACTIVITY 

Jorullo began eruption on September 29, 1759, 
and continued active until about 1775, although most 
of the material had been extruded by the year 1766. 
The dates of the eruption are undoubtedly correct 
as recorded, but no geologist was present to note the 
sequence of geologic happenings. However, to any- 
one who has observed Paricutin in eruption the story 
of activity at Jorullo seems fairly obvious. Judging 
by the relative positions of the basaltic aa lava flows, 
the cinder cones, and wind and water-borne ash 
deposits today, the eruption of Jorullo took approx- 
imately the following course. A considerable quanti- 
ty of ash, cinders, and coarser agglomerate was ex- 
truded. Then there were several periods during 
which lava was extruded. These were followed by, 
or accompanied by, the ejection of more fragmental 
material. Almost the last activity was the extrusion 
of a small lava flow from the throat of the main cone. 

When activity ceased there had resulted a large 
cinder cone about 1,300 ft tall, and three small, sub- 
sidary cones. One small cone, Voleancito del Norte, 
lies north of the main cone, and south of it are two 
others called Voleancito Enmedio and Voleancito del 
Sur. The four cones lie in a nearly straight line 
about 3 mi long, in a north-northeast by south- 
southwest direction. Four main series of lava flows 
are recognizable today. Each lies on the one next 
older but only partly buries it. The result is a 
series of receding terraces. The oldest flow has been 
largely covered with ash, and only the biggest and 
tallest lava fragments of this flow remain exposed. 
These fragments are estimated to occupy about one- 
fourth of the lava flow. The second flow has less 
ash upon it; it is about half covered. The third 
flow has little ash upon it, and the fourth, and 
youngest, has almost none. Some of the fourth flow 
moved up and over the west wall of the crater. This 
last flow breached the north rim of the large cinder 
cone and flowed northward for a short distance. 
Figure 6 shows the general arrangement of flows and 
cones. 


PropaBLeE Hapirats In 1775 
When voleanie activity ceased at Jorullo the 
physical habitats for plants must have been quite 
similar to those which have been described for Pari- 
eutin. These were: ash fields, playas, lava flows, 
and cinder cones. 
There are no records of the depth of the ash 
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Fic. 6. Generalized map of Jorullo Voleano, with 
the lava flows numbered in the probable order of extru- 
Distanees, and the extent of the several flows 
are only approximate. 


sion. 


mantle which may be presumed to have blanketed 
all the surrounding country side for several miles 
in all directions. Nor is there any record of the ex- 
tent of the destructive effects of this ash upon plant 
life. 

In the natural drainage pattern of the Jorullo 
area streams flow from the hills on the west, north, 
and east, down into the amphitheatre, and out from 
the southwest side. At the time of the eruption ash 
and lava blocked the streams and extensive flooding 
resulted, producing playas. The largest area of 
flooding was to the west and north of the lava area. 
Early reports concerning recovery of vegetation near- 
ly all referred to plants on this playa. Today the 
region is called La Playa and a village by that name 
is situated on it. 

The lava flows are basaltic, of the fragmental, 
The dif- 
ference in the ages of the youngest and oldest is not 


aa type, similar to the lava of Paricutin. 


more than 5 yrs and has been of no long-time im- 
portance as an influence on plant invasion. The 
quantity of ash on the flows and hardness of the lava 
has been of much importance in plant invasion. The 
altitudinal variation from the bottom of the oldest 
flow to the top of the youngest, exclusive of the flow 
on the rim of the main crater, is about 600 ft and 
no observable differences in vegetation on the flows 


are traceable to altitudinal differences. The flows 
have covered an area of about 10 sq mi. 
The main cone of Jorullo is similar in size to 


the main cone of Paricutin and, except for the flow 
which covers part, is similar in material. The three 
subsidiary cones of Jorullo vary from about 100 to 


300 ft high. The four cones cover a total area of 


about 1.3 sq mi. 











VEGETATION OF JORULLO 

The author spent July 23 to August 3, 1950, at 
Jorullo. Most of the time was used in exploring the 
lava flows and cinder cones, determining what plants 
were present, and how the different environments 
have influenced the invasion of vegetation. Grazing, 
attempts at cultivation, and wood-cutting have un- 
doubtedly altered the vegetation considerably in all 
parts except the youngest lava flows. Observations 
recorded by earlier visitors to Jorullo will be referred 
to in this discussion whenever they contribute to 
knowledge of vegetation during those earlier times. 

In the main, vegetation in those areas with a 
covering of lava or deep ash is still rather sparse. 
Parts of some exposed flows appear from a distance 
to support no vegetation at all, but closer examina- 
tion shows plants growing out of crevices. Some flow 
surfaces are populated with combinations of mosses, 
ferns, Selaginella, and seed plants. 

Hilly areas, generally the sides of low cones, 
often support a savanna type vegetation, in which 
several kinds of leguminous trees make up most of 
the tree population. Disturbances, particularly over- 
grazing, are probably factors contributing to the 
savanna condition. Much of the main cone of Jo- 
rullo, exclusive of a part with a lava cap, has a mixed 
vegetation of low forest, shrubs, and some herbs. 
Because of its height and the steepness of its slope 
the main cinder cone has undoubtedly been disturbed 
much less by man and his animals than have the 
small cones and the ash fields. However, even here 
there has been timber cutting and in 1950 maize was 
being planted for the first time on the northeast 
side of the cone. 

In this report the vegetation of the hills forming 
the walls of the Jorullo amphitheatre and that on 
the playa areas will be treated only briefly. That 
on the cones and flows will be considered in more 
detail. These latter habitats were sterile at forma- 
tion and plant succession on them can be considered 
as primary in character. 

Jorullo has received considerable publicity ever 
since a visit by Alexander von Humboldt, in 1803, 
who believed it illustrated the “elevation” theory of 
voleanism (Russell 1924). Numerous European, as 
well as American scientists have visited Jorullo and 
much has been written about it. 

The most extensive report is by Hans Gadow, a 
British zoologist, who spent a month at Jorullo in the 
year 1909. Gadow (1930), not only reported his 
own observations, but also reviewed the literature 
carefully and summarized available reports, through 
the year 1907. He summarized reports of numerous 
persons, including the following, who visited Jorullo 
in the years indicated: Fischer and Riano, 1789; 
Humboldt and Bonpland, 1803; Burkart, 1827; 
Schleiden, 1846; Pieschel, 1853; Laclereq, 1886; 
Ordonez, 1907. Gadow cites the following sources 
for his information. (The present author has not 
had access to these publications and has relied on 
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the summaries by Gadow.) Burkart,—?. 1836. 
Aufenhalt and Reisen in Mexico, in den Jahren 1825 
bis 1834. Stuttgart; Humboldt, Alexander von. 1811, 
Essai politique sur le royaume de la Nouvelle Es- 
pagne. Paris.; Leclereq, J. 1886. Une visite au 
Volean de Jorullo. Bull. Soe. Geogr. Paris. 386-402; 
Ordonez, Ezequiel. 1907. Le Jorullo. Guide des ex- 
cursions du X Congres geologique International. 55 


pp. Mexico; Pieschel, C. 1856. Die Vulkane von 
Mexico. Fiinfter Artikel (Jorullo) in Zeitschrift 


fiir Allgemeine Erdkunde. Bd. VI, S. 489. Berlin; 
Riano, Antonio de. 1789. Superficial y nada faculta- 
tiva descripcién del estado en que se hallaba el vol- 
can de Jorullo la manana del dia de 10 de Marzo de 
1789. Gazeta de Mexico, 5 de Mayo, t. ITI, num. 30, 
pp. 293-297; Schleiden, E. 1847. Fortschritte der 
Geographie and Naturgeschichte, von Froriep und 
Schomburgk. Bd. II, Lief 16. 

Unfortunately all the reports, including that of 
Gadow, are very general on the subject of plants. 
None states specifically what species of plants grew 
on a certain cone or flow at a certain time. Hum- 
boldt reported there was no plant life on the lava 
flows and cinder cones in 1803 (Gadow 1930), and it 
must therefore be concluded that the Jorullo col- 
lections of the Humboldt expedition came from the 
playa and from areas outside. Gadow probably in- 
tended to give more specific information on plants 
that he found but he died before the mansucript was 
completed, and others finished it. Vernacular names 
for plants are used almost exclusively by Gadow. 
Since so much has been written about the vegetation in 
a very general way, and almost nothing specifically, 
‘ather complete lists of plants collected in July, 1950, 
are included in the present report.* 


FIELDS AND FORESTS 

Floristic composition of the plant life beyond the 
margin of the flows, cones, and the playa was in- 
superficially, due to lack of time. 
investigated more, there would have 
been almost no way of determining what lasting in- 
fluence the ash mantle, which in some eases is still 
visible at the surface, has had upon the composition 
of the vegetation. The area now is an anthropogenic 
mosaic with forested, cultivated, pastured, and aban- 
doned crop lands, the latter growing back to natural 
vegetation. As far as was observed, the surrounding 
areas, outside the amphitheatre, have recovered quite 
fully from the effects of volcanism. 

Two possible influences of ash upon vegetation 
on surrounding hills may be noted. One has to do 
with floristic composition, and the other with soil 
fertility. 

When Humboldt 
in 1803 they found 


3 Acknowledgement is made to the following for identifica 
tion of plants: Drs. C. V. Morten, Velma Rudd, and J. 
Swallen of the U. S. National Museum identified most of the 
vascular plants; Mr. A. H. G. Alston of the British Museum 
identified the Selaginella; Dr. L. J. Gier, William Jewell Col- 
lege, identified the mosses from Jorullo and also those from 
Paricutin. 


vestigated only 
If it had been 


and his party visited Jorullo 
then, as is still the case, one 
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species of palm? as an important component of the 
natural vegetation on the lower slopes rising up on 
three sides of the Jorullo amphitheatre (Gadow 
1930). Humboldt was told locally that the palms 
had greatly increased in abundance during the years 
after the eruption. Gadow ascribed the reported 
increase in palms to improved conditions for germi- 
nation of the seeds. 

It was observed in 1950 that between La Guacana, 
a village about 4 mi to the southwest, and Jorullo, 
crop plants, mostly maize, grew bigger in soil with 
some ash than in soil where surface ash had been 
eroded away. Near La Guacana ash probably did 
not average more than 1 ft thick, but toward Jorullo 
This 
ash has become incorporated into a soil which is ap- 
parently more fertile than the pre-volcanic material 


it became progressively thicker, to about 3 ft. 


beneath alone. 


THE 

The playas were undoubtedly formed in a manner 
similar to those at Paricutin Voleano, of water-borne 
soil, ash, plant parts and other debris carried into 
temporary lakes, formed when the pre-voleanie drain- 
Hence 


PLAYA 


age was obstructed by lava flows and ash. 
they had a rather fertile soil from the very beginning 
(Fig. 6). 
playas within a very few years, as they have, more 
recently, at Paricutin. Humboldt (Gadow 1930) 
reported Salvia, (Sabal considered 
above), and alders (Alnus jorullensis), growing on 
the playas. He stated that on the western 
plain, or drier part of the playa, indigo (Indigofera) 
was under cultivation at that time (1803). Pieschel 
reported that in 1856 sugar cane was being grown 
on the playa (Gadow 1930). 

It is evident that the playas of Jorullo have 
been under cultivation, at least intermittently, for 
about a century and a half, and it would seem to be 
rather futile to try to suggest now how the volcanism 


Plants were reported as established on the 


palms pumos 


also 


has influenced plant life upon them. 


Lava FLows 

Following the laying down of flows I and II (Fig. 
6) there was a considerable eruption of ash and 
cinders, much of which was air-borne onto the two 
flows. These flows are the lowest, altitudinally, and 
presumably considerable water-borne ash has been 
deposited on them also. Two main habitats are 
present in flows I and II, the ash and cinder deposits 
which fill the depressions, and the lava peaks and 
ridges which remain uncovered. Conditions appear 
to be quite similar on the two flows so they will be 
discussed together. Flows III and IV will be con- 
sidered separately. 

*The palm was apparently in the Humboldt collection and 
was named Corypha pumos. Dr. Miriam Bomhard, to whom 
was sent the material collected in 1950, placed it in the 
genus Sabal. The material was apparently lost after Dr. 


Bomhard’s death and was not identified to species. The name 
may be Sabal pumos. 
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FLOWS I AND I1 IN 1950 

The ash fields cover about 75% of the surface of 
flow I and about 50% of flow II, except near the 
cinder cones where ash covers almost all the flow. 
In general, this ash supported a rather dense growth 
of a grass (Bouteloua americana (L.) Seribn.) and 
two sedges (Cyperus tenerrimus Presl. and Fimbristy- 
lis ciliatifolia Britton), along with other herbs and a 
few shrubs and trees. Bouteloua was much more 
abundant than the sedges and often grew in a pure 
stand. abundant, but forming almost pure 
stands when present, was an herb, Tagetes patula L. 
which generally grew in the shade of trees. A less 
Shrubs grow- 


Less 


common herb was Martynia annua L. 
ing in ash included Cordia curassanica (Jaeq.) R. & 
S.; Guardiola mexicana H. & B.; Hamelia xorullen- 
sis H.B.K.; and Vitex mollis H.B.K. Two lianas were 
Cissus rhombifolia Vahl and Vitis tiliifolia H. & B. 
Occasional trees in ash included Enterolobium cyclo- 
carpum (Jaeq.) Grieseb.; Belotia insignis Baill.; and 
greenmanii Urban. Strangler figs, also 
present, as they were wherever other trees grew, will 
be considered in more detail later. 

Lava outcrops occupied a subordinate part of 
the total flows I and II and, in turn, 
plants usually occupied only a small part of the 
Nevertheless, the number of species 
ash fields. There 
3 of shrubs, 4 of 
ferns, plus a Most 
of the plants grew from cracks and crevices, unless 


Verbesina 


surface of 


outcrop surface. 
present was greater than in the 
were at least 7 species of trees, 


scattering of grass and sedges. 


the lava was porous enough for roots to penetrate. 
The most abundant tree species was Lysiloma 


acapulcensis (Kunth.) Benth., followed, in order, by 
(H.B.K.) Engler, and Haema- 
Karst. The other 4 species of 
trees were Acacia cymbispina Spr. & Riley; A. 


Bursera jorullensis 


toxylon brasilleto 


pennatula (C. & §.) Benth.; Aralia humilis Cav. 
and Bursera bipinnata (Moe. & Sesse) Engler. The 


individual representatives of all these species were 
small trees. The largest were Lysiloma acapulcensis 
which were about 1 ft in diameter, 4.5 ft from the 
base. Most of the other trees were 4 to 6 in. in 
diameter. The shrubs present included Cordia cylin- 
drostachya R. & S., Guardiola, and Vitex. 

Ferns on the lava outcrops of these flows were 
very striking, especially Notholaena 
(Kunze) J. Smith. This fern grew fully exposed and 
was able to send its roots into lava which other 
plants apparently could not. As a result, the sur- 
face of some lava outcrops was completely covered by 
it. Other ferns present, in smaller numbers, were 
Cheilanthes angustifolia H.B.K.; Dryopteris glandu- 
lifera (Liebm.) C. Chr.; and D. 
(Metl.) Kuntze. 

A favorite type of habitat for Notholaena ap- 
peared to be the numerous small, dome-shaped lava 
mounds, which may be the hornitos (little ovens or 
kilns) referred to by early visitors. Humboldt re- 
ported that the hornitos were still hot in 1803 
(Gadow 1930). 


brachypus 


karwinskyana 
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Jorullo lava flow I. 


Fig. 7. 
grass-covered ash; 
out-crops. 
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Fig. 8. Jorullo. Flow I in the foreground, II behind 
it, and the main cone in the distance. The dark left 
(north) end of the cone is capped with lava, part of 
flow IV. July, 1950. 


Figures 7 and 8 show the character of these flows 
with their ash fields and lava outcrops. 

Reference should be made to the extensive dis- 
turbance which the ash-covered parts of these flows 
have had. Livestock runs at-large over the entire 
area that is accessible and the myriads of paths criss- 
crossing these flows indicate that they have been 
grazed intensively. Also, some of the ash fields have 
been cultivated. None happened to be in 1950 so 
it was not possible to learn how fertile the ash 
is as a soil for crop plants. 


FLOW Il IN 1950 

Lava flow III is composed of rather small aa 
blocks, and most of the ash which fell upon it has 
sifted into the spaces between these. Consequently 
there is little or no habitat similar to the ash fields 
of flows I and II. Rather, it is almost all exposed 
lava, with every crack and crevice a potential site 
Species of plants on flow III 
are largely the same as on the two older flows but 
density of woody plants is much greater because of 
more habitats suitable for trees and shrubs. Trees are 
all rather small, and the general aspect is that of a 
savanna. Lysiloma acapulcensis is again the most 
abundant tree species, followed by Bursera jorullen- 
Figure 9 illustrates this community. 


for vascular plants. 


sis. 
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to 14 ft. tall. 





FLOW Iv IN 1950 

The major part of flow IV is compact, dense aa 
lava, in which the fragments are larger than those 
of flow III, and hence the crevices are farther apart. 
There is also less ash on this flow. Because vascular 
plants have been able to grow only in erevices and 
cracks, they are less abundant on this part of flow 
IV than on flow III, where crevices are more 
numerous. A part of the northwest side of the 
main cinder cone is covered with a different type of 
lava, one that is almost scoriaceous and much less 
dense and compact than most of flow IV. For this 
report this lava is considered to be a part of flow 
IV, although further investigation might indicate 
that it is a separate one. 

The number of kinds of plants growing in the 
area of dense lava, described above, was small. Two 
kinds of trees were observed—Cochlospermum viti- 
folium (Willd.) Spring. and Ficus petiolaris H.B.K., 
with individuals of One shrub, Trema 
micrantha (L.) Bl., was present and 5 species of 
ferns: Adiantum braunii Metl., A. concinnum H. & 
B., Dryopteris glandulifera, Nephrolepis occidentalis 
Kunze, and Polypodium aureum L. 

The seoriaceous lava on the side of the main cone 
was little broken up, and presented a quite regular 
surface. There were few cracks and depressions but 
the lava was porous enough for roots and rhizoids 
of some plants to penetrate into it. More kinds of 
plants grew on this lava and there were more indi- 
viduals per unit area than on the dense lava. The 
trees present, in order of abundance, were: Pseu- 
dosmodingium perniciosum (H.B.K.) Engler; Lysi- 
loma acapulcensis; Bursera sessiliflora Engler; B. 
jorullensis ; and Cochlospermum vitifolium. A shrub, 
Perymenium was present. In no 
part was tree coverage over 5% of the surface, nor 
shrub coverage over 1%. Trees were all under 6 in. 
in diameter near the base. 

Non-flowering plants covered much more of the 
surface of the scoriaceous lava than trees and shrubs. 
furnished up to 100% some 


few each. 


verbesinoides? 


Mosses coverage in 
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places, ferns up to an estimated 90%, and Selaginella 
pallescens (Presl.) Spring., up to about 20%. 
Mosses on this lava were all in the genus Campy- 
lopus, the dominant species being C. introflexus 
(Hedw.) Brid., mixed with a little C. flexuosus 
(Hedw.) Brid. Ferns present were Adiantum braunii, 
Cheilanthes angustifolia, Dryopteris glandulifera, D. 
karwinskyana, and Notholaena brachypus. 


es Bee ew Be St 

Fig. 10. View northwest, from the side of the main 
cone of Jorullo. Lava flows III and II; playas, the 
light colored, level areas; and in the distance, hills rise 
toward the central Mexico Plateau. 


History OF VEGETATION ON LavA FLows 

The historical record of the invasion of the lava 
flows by plants is very meager and information as 
to what kinds of plants first invaded is almost com- 
pletely lacking. The first record of plants on the 
flows is that of Burkart, who reported that in 1827 
the flows with hornitos (the oldest flows) were being 
reclaimed by vegetation. After his visit of 1846 
Schleiden reported that the western half of the flows 
(flows I and II) had vegetation. He further stated 
that lava on the main cinder cone (part of flow IV) 
was still bare (Gadow 1930). 

According to the records, plants invaded the 
oldest flows between 1803, when Humboldt found 
and the year 1827, or between 28 
after voleanic activity had ceased. 


and 52 
There is 


none, 
years 
no record of when plants first invaded the younger 
flows, but it was later than on flows I and II, ac- 
cording to Schleiden. 

In view of the much earlier 
at Paricutin, by algae, mosses, and ferns, one would 
think that flow III at Jorullo should have been the 
first to support plants. It resembles the flows of 
Paricutin in the nature of its crevices and in the 
quantity of ash present. However, according to the 
record, flows I and II were first to support plants. 
These flows have so much ash upon them that there 
are no very deep crevices with overhanging rocks to 
offer shade and protection and plants on them are 
largely exposed to sun and wind. There is ample ash 
which roots or rhizoids can penetrate. 

The explanation of why flows I and IT supported 
plants before flow III may lie in the relatively low 
precipitation and high evaporation rate in the region. 


invasion of flows 
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Algae, mosses, and ferns are early able to grow on 
and among rocks under the comparatively cool, damp 
conditions of Paricutin, but apparently were not able 
to under the drier ones of Jorullo. Instead, at Jorullo, 
plants started after a much longer time, and pre- 
sumably after there had been time for some weather- 
ing and disintegration of lava and ash. 

Some evidence of the limitations of the Jorullo 
flows as habitats for plant growth was seen in the 
fact that trees grow biggest at the edges of the flows, 
for example on flow II but right next to flow ITI. 
More favorable water balance is the likely explana- 
tion of the larger size of trees in this type of location. 
Precipitation finds its way into cracks of a lava 
flow and some water moves right on through, to flow 
under the lava and emerge again at the edge of the 
flow. 


CINDER CONES 
CINDER CONE IN 1950 

Surface material over at least 75% of the largest 
cone (flows cover the rest) consists of unconsolidated 
ejecta which vary in texture from fine ash to coarse 
cinders up to inches in diameter. Fine 
material is adequate in most parts so roots of plants 
have no difficulty in penerating the substrate. Most 
of the surface was covered with vegetation in 1950, 
the dominant plants being small trees, in a number of 


MAIN 


several 


different species. There were also some shrubs, and 
a number of kinds of non-woody plants. Surface 
material has been fixed in place wherever there is a 
cover of plants, but where the angle of slope is 
especially steep cinder slides are common and vegeta- 
tion has failed to become established. 

Surface material in the slide areas still retains 
its original black or red color but elsewhere, under : 
cover of vegetation, the surface tends to take on a 
gray color, to a depth of 2 to 3 in. This gray color 
is apparently due to more rapid weathering under 
the vegetation. 

There is no striking altitudinal zonation of vegeta- 
tion on the cone except that pine is confined to its 
upper third. 

Thirteen species of trees were found on the cone 
in 1950. 
tributed. 
censis, which was also the most abundant tree on the 
flows. On the cone, trees of this species grew larger, 
some up to about 24 in. in diameter near the ground. 
Also tree, 
Verbesina greenmanii. 

Three other small trees, widespread but not com- 


Two were most abundant and widely dis- 
The first of these was Lysiloma acapul- 


common and widespread was a_ small 


mon, were Vitex mollis, Byrsonima crassifolia (1.) 
The Jast 
named was more abundant near the base than higher 


DC., and Pseudosmodingium perniciosum. 


up. 
Four species of trees were restricted to the upper 
part of the cone. Most important of these was Pinus 
michoacana Martinez, of which there were perhaps 
100 trees. None was over about 18 in. in diameter 
near the ground and no seedlings nor very small trees 
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were found. A second species of pine was represented 
by only a few individuals of Pinus teocote S. & C. 
Pinus teocote, but not P. michoacana, was growing 
near Parieutin. A few individuals of Lysiloma di- 
varicata (Jaeq.) Macbr. were confined to the upper 
part of the cone. Two trees of Clethra lanata Mart. 
& Gal., each about 10 in. in diameter near the ground, 
were growing in the bottom of the shallow crater. 

Four other species of trees represented by only 
occasional, small individuals include Desmanthodium 
fruticosum Greenm. and Gyrocarpus americanus 
Jaeq.; Ficus lopathifolia (Liebm.) Miq., growing as 
a strangler on other trees; and Sabal pumos, with 
only one or two individuals present. 

The most abundant shrub on the large cinder 
This was quite com- 
mon on the lava flows also. Next in abundance was 
A third shrub, much less common 
yas Rauwolfia hetero- 


eone was Guardiola mexicana. 


Trema micrantha. 
and not seen on the lava flows, 
phylla Roem. & Schult. 

Cyperus tenerrimus was common on the main 
cone, as was Commelina elegans H.B.K. 

Eight species of ferns were found on this cone. 
The greatest concentration of ferns was near the 
summit, but they grew in limited numbers over the 


whole cone. The eight are Adiantum shepherdii 
Hook, <Aneimia pastinacaria Moritz., Cheilanthes 


angustifolia, Conigramme americana Maxon., Dryop- 
teris Pellaea Hook?, P. 
skinneri Hook?, and Polypodium aureum. 


karwinskyana, seemanit 


OTHER CONES IN 1950 

The single cone north of main Jorullo, and the 
two south of it, give evidence of more disturbance 
by man and his animals than does the big cone. 
This is to be expected since they are low and easily 
Voleancito del Sur was being overrun 
by dozens of goats in the summer of 1950 and there 
was not an edible leaf nor herbaceaus plant left with- 
in reach of the animals. Enmedio looked as though 
parts of it had been cultivated some time in the 
past. 

Some species of plants not found elsewhere were 
seen on these cones. The only plants of guava 
(Psidium guajava L.), in the whole voleanic area, 
were growing on Enmedio. A vine, Cissus rhombi- 
folia Vahl, and two herbaceous species, Bletia ful- 
gens Reichb., and Castilleja communis Benth., were 
on Enmedio. The most abundant tree was Bursera 
sessiliflora. 

A small tree, Poeppigia procera Presl, was found 
on Voleancito del Sur, and not elsewhere. By far the 
most abundant tree on del Sur was Pseudosmod- 
ingium perniciosum, probably because goats had 
destroyed almost everything else but did not eat 
this plant. 


accessible. 


History OF VEGETATION ON CINDER CONES 

The first recorded date for plant life on the 
main cone of Jorullo is 1789, 14 yrs after voleanic 
activity ceased. In that year a party, including 
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Governor Antonio de Riafio of Michéacén and a 
German mining expert, Franz Fischer, climbed the 
cone in the month of March. Gadow (1930) trans- 
lated part of Riafo’s report; some of it is quoted 
here. “The whole hill of the voleano is bare and has 
only here and there some small trees, locally called 
Ortiga silvestre. . . . The hill is further 
with some patches of so-called Zacate. .. .” 


covered 
Zacate 
Rianho commented on how easily the small 
trees and clumps of grass were uprooted and he evi- 
dently was as much interested in plants as aids to 
climbing as in the fact that plants were able to grow 
on voleanie cinders and He could very well 


© oPass 
1S a grass. 


ash. 
have overlooked any less conspicuous plants which 
might have been present. 

Schleiden, after climbing the main cone in 1846, 
wrote (transl. by Gadow in 1930), “. . . the sandy 
slope of the main cone and the malpais show already 
considerable growth. Some kind of Mimosa, not very 
high, and Guayava trees, . .. , are the most im- 
portant; a pine near the summit seems to me the 
most interesting of the members of this vegetation.” 
It is not possible to tell if Schleiden found both 
“Mimosa” and Guayava on the malpais and cinder 
cone, or only on the latter. 

Pieschel visited Jorullo in January, 1855, and 
climbed the main cone from the east side. His party 
found vegetation sufficient in amount so that they 
“. . were much assisted (in climbing) by numerous 
little trees, shrubs, and grass.” He says two kinds 
of shrubs, three kinds of small trees, and maguey 
(Agave) comprised most of the vegetation (Gadow 
1930). Vernacular names only are used for the 
trees and shrubs. His reference to red-peeling bark 
on one kind of tree suggests it was probably Bursera 
sessiliflora; and reference to large yellow flowers 
on another suggests Hamelia xorullensis. 
still present. 


These are 
A thorny shrub he refers to probably 
was one of the numerous leguminous species still 
growing in this region. Pieschel points out that the 
ground was still warm and soft, just below the rim 
of the crater. Voleancito del Norte he described as 
a conical hill of ashes, and made no reference to 
plants on it. 

In an account of a visit to Jorullo in 1883, Lee- 
lereq refers particularly to guayabas (guavas) on 
top of the main cone (Gadow 1930). 

Gadow concluded, from his survey of historical 
records, that plants had practically regained the 
ground lost by. voleanism in 90 years, by about 1865. 
That statement cannot be accepted literally, for ob- 
viously vegetation was sparse then, as it is even 
now, on much of the lava surface, nor were the 


cinder cones completely covered with vegetation. 
There is indi- 
sation that the surface layer of the cinder cones is 
developing into a soil but it is not now, after al- 
most two centuries, equal to the pre-voleanic soil. 
(A combination of old soil and ash is believed to be 
superior to either alone.) 


There is not complete coverage today. 


The exposed lava is still 
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little weathered and many centuries more will elapse 
before it becomes soil. 

Three main aspects of change in the composition 
of vegetation on the main cinder cone during its life- 
time are recognizable. First of these is the gradual 
increase in the total number of individuals. This is 
what would be expected and the historical evidence 
bears it out. A second aspect of the changing vege- 
tation is that parts of the upper cone were apparent- 
ly little, or not at all, vegetated until after 1856. 
This conclusion is based on indirect evidence. A 
third aspect of change is that of change in floristic 


composition. The second and third aspects will be 
discussed. 
Schleiden noted that there were about 40 gas 


and steam vents still active on the rim of the main 
erater of Jorullo when he climbed it in the year 1846. 
Pieschel found the ground still warm and soft just 
below the ring of the crater in 1855 (Gadow 1930). 
These two undoubtedly had reference to the same 
place. The south rim of the voleano was impressive 
in 1950 because it gave every appearance of having 
been a place where solfataras were active more re- 
cently than elsewhere, and it had the richest fern 
flora of any part of the cone. It adjoined the scoria- 
ceous flow mentioned earlier and some Selaginella 
was spreading onto it from the flow. It is believed 
that plants did not invade the south rim area sue- 
cessfully until after the substrate had cooled, after 


1855. Then ferns and Selaginella invaded in num- 
bers. Seed plants are still almost completely absent. 


The third aspect of change in plant life on the 
main cone has to do with apparent reduction in the 
numbers of certain species. Guava, or guayaba 
(Psidium) was reported present on the main cone by 
Schleiden, 1846, Leclereq 1886, and Ordonez 1907 
(Gadow 1930). Gadow did not report it and none 
was found on the main cone in 1950. How many 
plants there may have been on the cone at one time 
or why they disappeared is not known. Perhaps they 
were crowded out as other and larger woody plants 
increased; or, possibly they were dug up by some 
nearby farmer who tranplanted them to a more con- 
venient site. 

The number of pine trees on the cone decreased 
considerably between 1909 and 1950. Gadow (1930) 
referred to hundreds of pine trees, which he saw in 
1909. The estimated number in 1950 was not much 
over a hundred. Almost complete absence of young 
trees indicated that pine is not reproducing enough 
to maintain itself. The trees present were scattered 
and angiosperms filled in the places between them. 
Pine seedlings at Paricutin (Eggler 1948) have more 
chance for survival in open areas and do not com- 
pete well with angiosperm trees and shrubs. What 
happened to the trees at Jorullo which disappeared 
between 1909 and 1950 can only be conjectured. 
Some probably died of natural causes, but very likely 
most were cut for timber. 

Oak is another tree reported by Gadow (1930) 
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on the main cone but not found in 1950. He referred 
to encina and roble, both of which may mean oak 
(Spanish), but gave no species. Oak would be 
expected to reproduce satisfactorily under the con- 
ditions on the cone. Failure to survive would sug- 
gest that there were only a few trees and that these 
were cut by local residents. 

FAMILIES OF PLANTS REPRESENTED AT JORULLO 
Three 


Burseraceae, supply a majority of the most conspicu- 


families, Leguminosae, Moraceae, and 
ous plants, the trees, which have invaded volcanic 
deposits at Jorullo. There are 7 species of legumi- 


nous trees in 4 genera, and 2 species of shrubs. 


Capacity to carry on a symbiotic existence with 
nitrogen fixing bacteria would certainly favor the 
growth of legumes in soil with a low nitrogen content. 
However, non-legumes apparently were established 
just as early as legumes and it must be concluded 
that there was some available nitrogen in the ash 
when both first invaded. The family with 


the second largest number of tree species present 


groups 


is Moraceae, with 6 species, all in the genus Ficus. 
The number of individuals of Ficus is probably less 
than a tenth the number of legumes present. Most 
of the fig plants observed were stranglers. It is 
believed all the species present can grow as stranglers 
A few, still small, 
were found growing in rock crevices. No obvious 


and most of the individuals were. 


preference for a particular kind of tree to grow on, 
to strangle, was apparent. The third family has 3 
species, all in the genus Bursera. 

The Compositae and Pinaceae each contribute two 
species of trees. There are also two species of shrubs 
Ten 
Ana- 
sardiaceae, Araliaceae, Clethraceae, Cochlosperma- 


and two of herbs supplied by the Compositae. 
families 





ach contribute one species of tree 


Palmaceae, 
The Vita- 
ceae are represented by two species of woody vines. 


ceae, Hernandiaceae, Malpighiaceae, 


Rubiaceae, Tiliaceae, and Verbenaceae. 
Two species of shrubs present are in the family 


Boraginaceae. Apocynaceae, Myrtaceae, 


ceae, and Ulmaceae contribute one each. 


Sapinda- 
Two shrub- 
by plants growing as parasites on leguminous trees 
(H.B.K.) Tral., and 
Psittacanthus calyculatus (DC.) G. Don., both in the 
Loranthaceae. 


are Phoradendron piperoides 


Six families of Angiosperms are represented by 
herbs only. Cyperaceae has two species present, and 
the other five families have one species each: Com- 
melinaceae, Myrtynaceae, Orchidaceae, 
The paucity of kinds of gras- 
Overgrazing may be responsible 
for keeping the grass population down. 


Gramineae, 
and Serophulariaceae. 
ses is remarkable. 


Thirteen species of ferns—eleven in the family 
Polypodiaceae and one in the Schizaeaceae—are pres- 
ent. One species in the family Selaginaceae, and 


two species of mosses in the family Dicranaceae, com- 
plete the list of plant families found in 1950. 
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SUCCESSION ON VOLCANIC MATERIALS them. Ernst (1908) reported that pumice and vol- 


After the somewhat detailed discussion of Pari- 
eutin and Jorullo we may now return to the four 
questions which were posed in the first part of this 
paper. Partial answers to the questions have been 
given in the discussion of the two Mexican volcanoes. 
That information will be summarized. In addition, 
pertinent facts about several other voleanoes will be 
used. There are many more questions which need 
to be asked and answered, but these four are those 
which seem to head the list. 

1. How quickly does vegetation become estab- 
lished ? 

Establishment of at least a few plants has taken 
place within a very few years on all accumulations 
of voleanic material for which there is any kind 
of authoritative record. But these pioneers may be 
limited to only the most favorable sites, especially in 
regard to moisture, and coverage of the whole de- 
posit so it approaches something like the pre-vol- 
canic condition may require centuries, even under the 
most favorable climatie conditions. 

Lichens, algae, and mosses were present on aa 
lava flows from Paricutin Voleano after only 3 yrs; 
ferns came in 1 yr later. Pioneer seed plants were 
found on the rim of the main cinder cone 5 yrs 
after activity ceased. However, the plants of the 
flows occupied only a very small part of the total 
flow area, and after 7.5 yrs no plants whatever were 
growing on the sides of the large cinder cone, nor 
in fields of deep ash. 

At Jorullo small trees and shrubs appeared on 
the cinder cones in 14 yrs, and vascular plants were 
reported to have started on the lava flows somewhere 
between 28 and 52 yrs after activity ceased. 

On the ash fields of Katmai, in Alaska, a carpet 
of liverworts was established in 18 yrs (Griggs 
1933). The climate in this part of Alaska is quite 
moist. Precipitation is approximately 60 in./yr; 
skies are usually cloudy and humidity is high. 


Skoéttsberg (1941) described plant life on young 
lava flows on the island of Hawaii. On pahoehoe 


flows, located in a part of the island where precip- 
itation was about 24 in./yr, ferns and seedlings of 
flowering plants were beginning in cracks and pits 
after 6 yrs. After 18 yrs they were more numerous. 
Where precipitation was 40 in./yr the invasion pat- 
tern was similar. On aa lava flows vascular plants 
were slower in getting started, but a lichen, Stereo- 
caulon, was abundant enough to change the color of 
the surface of the flow. 

The island of Krakatao has been the subject of 
several reports, since its mighly eruption in 1883. 
But it has become a very controversial issue. Backer 
(1929) has contended that the record from this island 
is biologically valueless because it was never estab- 
lished that all life was destroyed at the time of 
the eruption. But even if all life was not destroyed 
certainly new voleanic deposits were sterile and some- 
thing can be learned from noting invasion onto 





canic ash supported growths of blue-green algae by 
1886, that is, in 3 yrs. He also reported the presence 
of ferns and seed plants in the same length of time 
but the record is not clear if these were on pure 
ash or on material with old soil mixed in. Precipita- 
tion on Krakatao is about 100 in./yr. 

Robyns (1932) reported that in lava flows from 
Rumoka, in the Belgian Congo, ferns and over twenty 
kinds of seed plants had started to grow in crevices 
in from 13 to 18 yrs. This is in an area with low 
precipitation, about 15 in./yr. 

These instances show time for pioneers to invade 
but indicate nothing about total time needed for 
complete coverage by vegetation. The quantity of 
main cinder cone of Jorullo ap- 
proaches that on old surrounding hills, but does 
not quite equal it in density and size. It has had 
175 yrs to reach its present status. Presumably if 
precipitation were greater weathering would be more 
‘apid and soil would be deeper and vegetation taller 
and denser. In the Craters of the Moon area, Eggler 
(1941) found that level ash fields and south-facing 
slopes of cinder cones are often very sparsely vege- 
tated, even after many centuries. North-facing slopes 
often support post-climax forest. Precipitation is 
about 10 in./yr. 

Where lava flows are situated so that no water- 
borne sediments can be deposited upon them, but only 
wind-carried materials and the products of weather- 
ing contribute to soil formation, several centuries are 
apparently required to attain pre-voleanie condi- 
tions. At Jorullo the youngest, and altitudinally 
highest, flows have very sparse plant growth. At 
Craters of the Moon (Eggler 1941) both pahoehoe 
and aa flows may have very little plant life upon 
them, and that little is confined to crevices on pahoe- 


vegetation on the 


hoe, and behind protective blocks of lava an aa. On 
Krakatao, with its ample rainfall, it has been re- 
ported (Ernst 1908) that lava flows dating back to 
an eruption of 1680 were only slightly weathered and 
were covered with very sparse vegetation just prior 
to the eruption of 1883. Slightly over 200 yrs was 
insufficient time for lava to weather to a soil. 

2. From how far away may disseminules be ear- 
ried ? 

All voleanic eruptions of historic record which 
are known to this writer have been rather small, 
in terms of area; all life has been destroyed in a 
space of not more than a few square miles. Hence, 
the distance from pre-eruption life has usually not 
been more than a few miles. At both Parieutin and 
Jorullo disseminules were available at distances not 
exceeding 4 to 5 mi. No distances were given for 
Katmai, as far as is known, but presumably they 
were no greater than for the two Mexican voleanoes. 
The possible exception has been Krakatao. If all 
life was destroyed on the island, and it is doubtful 
if that actually happened, disseminules could have 
come by air, by water currents, and by birds. The 
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nearest island not destroyed by the eruption, Sibesia, 
is between 11 and 12 mi away. 

3 What kinds of plants pioneer? 

There appears to be no one taxonomic nor ecologic 
group which is best fitted to pioneer on voleanic de- 
posits. Particular types may succeed better than 
others under certain conditions, as in particular sit- 
uations on particular flows or cinder areas. But 
these differ with the area. 

At Parieutin, pioneers present on aa flows con- 
sisted of lichens, algae, mosses, and ferns. Flower- 
ing plants and lichens were just getting started on 
the crater rim. At Jorullo pioneers were seed plants, 
mosses, ferns, and club-mosses. At Katmai (Griggs 
1933) liverworts grew on ash in pure stands, and 
were followed by mosses and willows. At Craters 
of the Moon seed plants were the chief pioneers, but 
there were a few ferns in crevices and some lichens 
on rock surfaces (Eggler 1941). Blue-green algae 
were pioneers on pumice and ash of Krakatao, and 
were joined by diatoms and bacteria (Ernst 1908). 
On aa flows of Hawaii, lichens were very common, 
with seed plants being less important. On pahoehoe 
flows seed plants were more important than lichens 
(Skéttsberg 1941). 

4. Are the pioneers capable of fixing nitrogen? 

There appear to be three possible sources of fixed 
nitrogen for pioneer plants growing on volcanic 
materials. In some instances the lava or ash itself 
may contain fixed nitrogen, notably in the form of 
ammonium chloride. Whether this could be a part 
of the rock as it cooled from a magma, or is always 
concentrated from gases escaping from solfatara or 
fumarole is not known. A second source of fixed 
nitrogen is from debris carried by wind, water, or 
other agent. Finally, the pioneer plants may fix their 
own nitrogen. 

It is probable that many blue-green algae can fix 
nitrogen, and their presence as pioneers on the flows 
at Paricutin, and on pumice and ash at Krakatao, 
suggests that their success may be due to this prop- 
erty. Griggs & Ready (1934) were able to grow 
liverworts collected from the ash fields of Katmai on 
a medium so low in combined nitrogen that it would 
not support ordinary plants. This strongly suggests 
that the liverworts had the ability to fix nitrogen. 
The success of so many legumes, as earlier reported, 
on the lava flows of Jorullo may be due. in part, to 
a symbiotic relationship with root nodule bacteria. 

However, only a small part of the total area of 
the places considered has heen populated by these 
possible fixers of nitrogen, and it must be concluded 
that either, or both, of the other two sources of nitro- 
gen has been of greater importance in the nutrition 
of pioneer plants. 


SUMMARY 
Lava and ash from Parieutin Voleano, Mexico, 
which was active between 1943 and 1952, destroyed 
all plant life in an area of approximately 20 sq 
mi, and part of it on a larger area of about 100 sq 
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mi. Up to the summer of 1945, at the time of a first 
visit, the effects of voleani¢ activity were all destrue- 
tive. In 1950, when the author made a second visit, 
it was found that both the area of complete destruc- 
tion, and that of partial destruction, had increased 
in size. But during the intervening 5 yrs new vege- 
tation had started to invade the lava and ash de- 
posits. 

Plants were becoming established in several types 
of situations. Beneath trees, shrubs, and herbs, which 
had survived in ash, seedlings of numerous kinds of 
plants were getting started; away from the influences 
of living plants there were no seedlings. Old soil, 
exposed where ash deposits were eroded away, quick- 
ly became populated with a cover of herbs and shrubs. 
Playas, located generally at the edges of the lava 
flows, supported many plants. 

In addition to secondary succession, primary sue- 
cession had also begun by 1950. Crustose lichens 
were growing on the surfaces of lava blocks of aa 
flows; and at least 1 species of blue-green alga, 1 
moss, and 3 ferns, were growing in depressions in 
flows 3 to 7 yrs old. 

In 1957 two kinds of vascular plants, Gnaphalium 
and Eryngium, were growing on the rim of the cinder 
gases kept the lapilli, in which 


they were growing, moist and probably supplied am- 


a 


cone. Fumarolie 


monium chloride. 

It is thought that ammonium chloride, which es- 
capes from solfataras and fumaroles, in the flows as 
well as in the cone, is an important source of nitrogen 
for plants. There is also a strong possibility that 
blue-green algae may fix some nitrogen. 

No primary succession was taking place in ash- 
covered fields around Paricutin, in 1950. Nitrogen 
deficiency is believed to be one limiting factor. 
Several kinds of garden seeds were planted. The 
results were poor, and all the plants showed strong 
nitrogen deficiency symptoms, as did also rve grown 
in ash in pyrex containers. 

Failure of natural vegetation to return to old, 
abandoned fields, where ash was from 1 to 4 or 5 in. 
deep, indicated that the ash laver has had an in- 
hibiting effect. 

Jorullo Voleano, which was active from 1759 to 
1775, had an eruptive history quite similar to that of 
Paricutin. Rainfall is less at Jorullo, and it has a 
semitropical climate, instead of temperate. From the 
historical record, and observations in 1950, it has 
been possible to work out a general story of invasion 
of vegetation onto the volcanic deposits from Jorullo. 

In 1803, when the Humboldt party visited the 
voleano, the playas were populated with Salvias, 
palms (Sabal), and alders. Hillsides rising from 
the Jorullo basin had more palms on them than there 
were before voleanism oceurred. The layer of ash on 
old soil seemed to favor the palms. Vegetation in- 
vaded the two oldest lava flows, which have considera- 
ble ash upon them, between 1803 and 1827. The 
two youngest flows, with little ash, were vegetated 
more slowly. 
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In 1950 the plant growth occupying the ash-field 
areas on the two oldest flows included 4 kinds of 
herbs, 4 of shrubs, 2 lianas, and scattered trees. The 
lava outcrops of these flows supported many more 
kinds of trees and shrubs, plus 4 kinds of ferns. In 
1950 the general aspect of the two youngest flows was 
that of a savanna. Trees were small and scattered, 
and ferns and other small plants grew from crevices. 
In places, where the lava was porous, mosses, ferns, 
and Selaginella, formed dense growths on the surface. 

The first recorded date (1789) when plants were 
observed on the main cone of Jorulla was 14 yrs after 
activity ceased. Small trees and a grass were noted. 
By 1846 there were mimosas, guayavas, and a pine 
tree; in 1855 two kinds of shrubs and three of trees 
were noted. In 1950 the vegetation on the main 
cone included 13 species of trees, 3 of shrubs, and 8 
of ferns. One or more kinds of oaks, and guava 
(Psidium), which were reported present earlier in 
the century, were missing in 1950. 

In seeking answers to certain basie questions 
having to do with invasion of vegetation onto vol- 
eanic material, it is possible to obtain help from the 
histories of other voleanoes, as well as Jorullo and 
Paricutin. The questions posed are four in number. 

How quickly does vegetation become established? 
At Paricutin lichens, algae, and mosses were invading 
flows in 3 yrs; ferns came a year later. Angiosperms 
were on the cinder cone in 5 yrs. At Jorullo trees 
and shrubs were on the main cone in 14 yrs, and 


vascular plants were on lava flows in from 28 to 
At Katmai liverworts formed a carpet of 


52 yrs. 
growth in 18 yrs. On Hawaiian flows 
flowering plants were appearing after 6 yrs. On 
Krakatao blue-green algae were present on ash after 
3 yrs. Lava flows from Rumoka supported ferns 
and several kinds of seed plants in from 13 to 18 
yrs. Even under optimum conditions, with high 
rainfall and temperatures, lava is only slightly 
weathered after 200 yrs; under arid conditions lava 
flows have not become soil, even after thousands of 


ferns and 


vears. 

How far are disseminules 
Parieutin and Jorullo sources of disseminules were 
known to be available at distances not to exceed 4 
A souree of disseminules at Krakatao was 


transported? At 


to 5 mi. 
an island 12 mi. away. 

What kinds of plants pioneer? 
determine which kinds of plants can 


Loeal conditions 
succeed as 
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pioneers, and algae, mosses, lichens, liverworts, ferns, 
shrubs, or trees may serve as pioneers under certain 
cireumstances. 

Are pioneers capable of fixing nitrogen? Proba- 
bly some can. There is a strong possibility that blue- 
green algae and liverworts can fix nitrogen, when 
they are pioneers on sterile voleanic material. At 
Jorulla the family Leguminosae supplied the largest 
number of kinds and individuals of woody plants, 
A symbiotic relationship with nitrogen-fixing bacteria 
would be a distinct advantage for plants growing in 
lava or ash. 
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